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PREFACE 

This little publication is intended chiefly for the use of 
locomotive superintendents and others who have the control 
of railway engines using oil as fuel. It is entirely of a 
practical character, and the few references to theory and 
principles of combustion are necessary in order that the 
subject may be clearly understood. Those who wish to 
study the historical, theoretical and chemical sides must 
have recourse to the many scientific text-books on Petroleum 
and Oil Fuel. 

Also with regard to the examples and descriptions given of 
oil-burning apparatus, they must be accepted as typical only 
of possibly half a hundred similar classes on the market. 
The intention has not been to describe in detail any parti- 
cular make of atomiser, but those referred to have been 
selected as illustrative of the principles embodied in the 
three oil-burning systems. 

Some specification clauses for the use of those desirous of 
obtaining offers for the supply of oil-burning equipments 
have been included. 

A. H. G. 

Balcarce 278, 
Buenos Aires, 
Republica Argentina, 
March, 1915. 
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OIL FUEL EQUIPMENT FOR 

LOCOMOTIVES 

SECTION I 

PRELIMINARY OBSERVATIONS AND DATA 

During the last few years there has been a very great 
development in the sources of supply of crude petroleum in 
all parts of the world. This has resulted in increased 
facilities of transport of the oil, and hence the use of liquid 
fuel in place of coal or wood is now a commercial possibility 
in many countries. Among the countries in which this 
crude petroleum or " fuel oil " is found are — Canada, 
California, Texas and Mexico in North America, Peru, 
Venezuela, Colombia, the Argentine (Comodoro Riva- 
davia oilfields) in South America, in various parts of Russia, 
Borneo, Java, Trinidad, etc. 

One of the earliest applications of crude petroleum as 
a fuel was on locomotives. This was quite natural, as the 
railways in the vicinity of oilfields would avail themselves 
of such an abundant and cheap fuel. 

In point of fact the facilities in the way of unlimited 
supplies of oil at a purely nominal cost have tended to keep 
back the scientific development of locomotive oil-burning 
apparatus rather than to encourage its careful study. For 
this reason oil has been used on locomotives for many years 
with very rude and primitive appliances, and the per- 
fection to which the equipment has now been brought has 
been due in a great measure to the experiments which have 
been made in countries into which oil has had to be imported. 

This has been especially the case in England, where the 
cost of fuel oil is high and the cost of coal comparatively low, 

O.F.E. B 
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and thus the incentive has existed to obtain the best pos- 
sible results from the calorific value of the oil. In other 
countries where neither coal nor oil is found, and where all 
classes of fuel have to be imported, the necessity of obtaining 
the most efficient apparatus is quite apparent. 

The following are the principal railways using oil fuel 
more or less extensively, viz. : — Baltimore and Ohio, 
Southern Pacific Railway, and Pacific Railway in the United 
States of America ; Austrian State Railways ; Western 
Railway of France ; Paris, Lyons, and Mediterranean 
Railway ; Paris and Orleans Railway ; Roumanian State 
Railways ; South Russian Railways ; Shin-Yetsu Railway, 
Japan ; Los Angeles Railway ; Tehuantepec National 
Railway ; Mexican National Railway ; Interoceanic Rail- 
way of Mexico ; Peru Railway ; Chilian Railway ; Central 
Railway of Brazil ; San Paulo and Paulista Railways ; 
Buenos 'Aires and Pacific Railway ; Taltal Railway ; on 
some of the South African Railways ; and on the Great 
Eastern Railway, England. 

The class of oil used on the respective railways as liquid 
fuel varies considerably as regards chemical composition, 
viscosity, flash point, percentages of sulphur and water, 
etc., according to the locality in which it is found and also 
as to whether it is a crude oil or a bye-product of dis- 
tillation. 

Crude oil, by which is meant the natural product as 
fojind in the wells, differs from that sold as fuel oil, the 
process known as "topping " or first distillation being applied 
to remove the lighter oils, such as the petrols and kero- 
senes, for the higher market value which they possess. 

Crude oil is lighter in viscosity and usually has a low 
flash point. Oil fuel is heavy, dark in colour, and viscous. 
Other hydrocarbons, such as coal-tar, creosote, blast 
furnace oil, water-gas tar, ^astatki, and other residua, 
may be used as fuel, burning under similar conditions to 
those of oil fuel, adjustments being made in the burners 
and furnaces to give complete combustion. 

From the locomotive engineer's standpoint it will suffice 
to consider here only those oils being sold commercially 
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as fuel oil, and under the aspects only which affect their 
steam-raising qualities. His chief concern, after the ques- 
tion of supply, is how to get the highest evaporative results 
from a given calorific value, and hence the composition 
and specification of the oil is the first consideration. 

The Composition of commercial fuel oils is given in 
Table 1. The greatest divergence from a generally ev$n 
average is in the percentage of sulphur. The effect of 
sulphur is to slightly lower the total calorific value, the 
number of B.Th.U. per pound of sulphur being 4,500 only. 

Table 1. — Composition and Calorific Values of 

Fuel Oils. 



Glass of Oil. 



Mexican 

Texas . 

Russian 

Burmah 

Borneo . 

Galician 

Comodoro Rivadavia 

Roumanian . 

Californian . 



A 


B 


C 


Carbon 


Hydrogen 


Sulphur 


(per cent.)* 


(per cent.). 


(per cent.). 


83-52 


11-68 


3-27 


86-30 


12-22 


1-33 


84-94 


13-96 


010 


86-40 


12*10 


0-50 


87-80 


10-78 


003 


85-30 


12-60 


010 


84-50 


13-80 


0-37 


87-11 


11-87 


0-16 


84-43 


10-99 


0-59 



D 

B.Th.Units 
(per lb.). 



18,900 
18,400 
18,611 
18,864 
18,831 
18,009 
19,130 
19,320 
18,806 



N.B. — These oils also contain a small percentage of oxygen 
and nitrogen. 

In this connection the Anglo-Mexican Petroleum Pro- 
ducts Co., Ltd., say : " In the past some prejudice has 
existed against an oil containing more than 0*75 per cent, 
of sulphur, although no scientific reason can be given for 
fixing this or any other arbitrary figure. No objection, 
however, is made to the presence of sulphur in coal, nor 
any record of deterioration of boilers on this account. It 
is significant that the amount of coal of average quality 
required to give an equivalent heating value to a pound 
of oil would contain more sulphur than is contained in 

b2 
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1 pound of Mexican oil. The extensive experience with 
oil burning which is now available shows that boiler cor- 
rosion does not take place. The only point that need be 
mentioned in this connection is that it is advisable when 
steel chimneys are used that the temperature of the flue 
gases should not fall below 400° F., a contingency which 
rarely arises in actual practice. The fact that the British 
Admiralty have, after careful investigation, raised the 
percentage in their specifications from the conventional 
standard of 0-75 per cent, to 3 per cent, reflects the altered 
views on this question." 

No mention is made in Table 1 of the presence of water, 
because water does not form a component of oil. Neverthe- 
less, water is often present with the oil when sold com- 
mercially, and is so intimately mixed with the particles of 
oil that its detection is not possible until the oil has been at 
rest for a considerable time, and not fully then unless heated. 
Under the pressure system of burning liquid fuel its presence, 
but not its quantity, is immediately detected in the nature 
of the flame, but with the steam-jet burner it may pass 
over into the furnace without evidence of its presence. 
Water in oil cannot be other than detrimental to combus- 
tion and efficiency, and its actual effect in the furnace 
will be considered later, but in any case it should not be 
paid for as oil fuel. Samples should therefore be frequently 
taken from oil deposit tanks and the quantity of water 
noted after natural separation by standing. Specifications 
for purchasing fuel oil should contain a condition allowing 
for rebate on price according to the quantity of water 
the oil may be found to contain. Outside its deleterious 
effect on combustion the presence of water vapour in the 
firebox of a locomotive produces chemical compounds 
with any sulphur present in the oil, and these may attack the 
side and crown plates in time. Hence water should be 
entirely eliminated. Owing to the rapid expansion co- 
efficient of petroleum, the water will gravitate out by heating 
the oil, and the degree of heat applied need not be so high 
as to vaporise the watqr. This is one of the reasons for 
fitting heating coils in oil tanks. 
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The Calorific Values of the several classes of fuel oils 
are given in Table 1. A fair average may be taken as 
18,800 B.Th.U. per pound. Coal contains from 9,000 to 
14,500 B.Th.U. per pound, and hence the heating value 
of oil is from 30 to 100 per cent, greater weight for weight. 
In the case of coal combustion much more latent heat is 
absorbed in the chemical combinations of combustion than 
with oil, and the percentage of ash may be as high as 5 per 
cent. It follows, therefore, that on a weight for weight 
basis only, and exclusive of other efficiencies which oil 
fuel possesses, the direct comparison between the two on a 
thermal unit basis is not conclusive. 

The thermal efficiency of oil furnaces is about 80 per 
cent, and coal firing about 65 per cent., a difference in 
favour of oil over and above its percentage higher calorific 
value, arising from more perfect combustion, less excess 
air factor, and greater heating surface exposed to the flame. 
This comparison should really be stated in terms of unit 
weight and time, the time representing the exact period 
of full evaporation of water. The true economical aspect 
depends also, and very largely, on factors outside of test 
conditions, such as losses arising with coal from banked 
fires, inferior stoking, dirty heating surfaces, incomplete 
water circulation, and many other such items. 

These points are mentioned here to show that a direct 
comparison between oil and coal or any other fuel on the 
thermal unit basis is very misleading as to comparative 
heat values, even theoretically, the real ratio more often 
being as 2 : 1. This is of course a greatly varying factor, 
as coal varies so much in calorific value and composition, 
while oil fuel is nearly constant. 

The calorific value of any fuel can be determined by 
calculation when once its analysis is known. The principal 
constituents of fuel oil are carbon, hydrogen and sulphur. 
Their calorific values are respectively : — 

Carbon . . 14,646 B.Th.U. per pound. 
Hydrogen . . 62,100 
Sulphur . . 4,500 
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Mexican fuel oil has a percentage composition of : — 

Carbon . . * . . 83*52 per cent. 
Hydrogen .... 1168 

Sulphur 327 

Incombustibles . . .1-53 



9t 



>» 



100-00 
The formula for obtaining the calorific value is as follows : 
Multiply the calorific value of each element by its percentage 
in the oil, add all the products together and divide by 100. 
Thus :— 

(8352X14,646) + (1168X 62,100) + (3*27 X 4,500) + 153 

100 
equals 19,648 B.Th.U. per pound. 

The heat of formation of the compound has not been taken 
into consideration in the foregoing formula, and therefore 
the figure is a little above the actual value. 

The usual, and more satisfactory, method is to determine 
the calorific value by testing the oil in a calorimeter, of 
which there are several types on the market. 

Samples of oil consignments should be taken and the 
calorific value determined in this way. 

The Viscosity or fluidity of an oil is determined by the 
rate of flow through a specific orifice under a certain head. 
The following Table 2 of viscosity of Mexican fuel oil at 
various temperatures will indicate the marked increase in 
fluidity that takes place as the temperature rises : — 

Table 2. — Viscosity of Fuel Oil. 



Temperature. 


Viscosity. 


32° F. . 


8,412 seconds 


40° F. . 






5,096 


50° F. . 






2,227 


60° F. . 






1,285 


70° F. . 






539 


80° F. . 






335 


90° F. . 






210 


100° F. . 






145 


110° F. . 






95 
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The above tests were taken by a viscometer designed by 
the late Sir Boverton Redwood, Bart., F.R.S.E., and this 
instrument is the one usually employed. 

" The comparison is made on the basis of rape oil and the 
number of seconds is noted which 50 c.c. of oil takes to reach 
a predetermined mark at any desired temperature. This 
number is then multiplied by 100 and divided by 535 
(the number of seconds for rape oil at 60° F.) ; the product 
is multiplied by the specific gravity of the oil and divided 
by 0-915 (the specific gravity of rape oil at 60° F.) ; the result 
gives the viscosity of the particular oil under test. The time 
occupied by the flow of 50 c.c. of water at 60° F. is 25-5 
seconds " (Lewes). 

The viscosity of liquid fuels at different temperatures 
has a most important bearing on the design of oil fuel 
apparatus and piping. 

The Specific Gravity of fuel oil varies according to the 
district from which it comes. Its range is between 
0*790 and 0-950, taking water as 1. In determining 
weights, therefore, it is necessary to know the specific 
gravity. Specific gravities are taken at 60° F., and at 
that temperature a working average figure of 0-85 may 
be used. 

The Flash Point is the temperature at which any oil 
commences to give off inflammable vapour. For fuel oils 
the flash points vary from 80° F. to 300° F. The higher 
flash points are obtained by first distilling off the more 
volatile portions. The British Admiralty's specification 
was 270° F. ; the Russian Navy requires 212° F., and in 
America the usual minimum is 200° F. 

The question of flash point is more important as regards 
freedom from danger of ignition during transport or storage. 
It does not seriously affect the locomotive engineer in any 
other way, and provided ample ventilation is arranged 
and ordinary precautions adopted there is no objection 
to oils having a very low flash point. 

Crude oils are now on the market having a flash point of 
80° F., and are being used with perfect safety. They are 
cheaper than those to which the first process of distillation 
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or " topping " has been applied. In specifying for fuel 
oil it JSJLn to 8 «e Jm point ^Zl 

General Advantages of Liquid Fuel fob 

Locomotives. 

The following is a list of the advantages generally expe- 
rienced with the use of oil fuel on railways as compared with 
coal, and possibly local conditions may suggest others. 

1. Reduction in the Coat and Weight of Fuel. — Data can 
be obtained on these points from the published returns of 
some of the railways mentioned in the previous pages. 
On the Mexican Railway in three years the whole of the 
locomotives were changed from exclusively coal burning 
to exclusively oil burning with reductions of nearly 40 per 
cent, in cost and 30 per cent, in weight. 

2. Saving in Cost of Handling. — This is due to the smaller 
weight of oil required consequent on its higher calorific 
value. In many cases an engine will carry enough oil for 
a round trip. The number of storage depdts can be reduced. 
There is also the question of the wastage of coal in tran- 
shipment. 

3. Less Manual Labour in Stoking. — This has also the 
advantage of leaving the fireman much more free and physi- 
cally capable of assisting the engine-driver. There is also 
no danger of having dirty fires on a hard run. 

4. No Smoke, Ash or Clinker. 

5. Adjustment of Fuel to Load. — This can be effected instan- 
taneously by valve operation only. With coal it is necessary 
to have a thick bed on the firebars, and this is largely wasted 
when duty is over. 

6. Cleanliness in Passenger Service. — This is an exceedingly 
important matter on any roads, but particularly on some 
naturally dusty tracks. It is possible to lay the dust and 
improve the track by sprinkling heavy oil over it. 

7. Higher Evaporative Efficiency due to more effective 
heating surface. 

8. Weathering of Coal. — This loss, which ranges from 2 
to 10 per cent., is eliminated. It is found that dry storage 
has no advantage over storage in the open, but in most 
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cases the losses appear to be practically complete at the end 
of five months. 

9. Elimination of Camp and Crop Fires. — As there are no 
sparks from an oil-burning locomotive, so this liability 
disappears. The claims made on account of sparks from 
locomotives setting fire to adjacent crops and property 
often amount to thousands of pounds* per annum, for which 
a railway company is liable to pay compensation. 

It is not the actual value of the damage done, though 
this may be serious enough at times, but in the disability 
to disprove fraudulent claims. 

10. Rapidity in Steam Raising. — The time taken with oil 
fuel is approximately forty minutes. 

11. Shed Economies. — No cost for firewood. No fires to 
be raked out. No flues or smoke boxes to clean. No coal 
to be stacked or weighed. No fire-rakes, shovels, or other 
equipment necessary with coal. 

12. Practical Experience. — The following is an abstract 
from a paper by Mr. B. E. Holloway of the Mexican Railway : 

" It does not pay in most cases to keep coal for a 
lengthened period, but oil fuel can be stocked for a much 
longer time without detriment, and therefore a six months' 
stock can easily be held, which in case of failure of supply 
from one source gives ample time to obtain oil from else- 
where. Coal is just as likely to fail, as was shown during 
the recent coal strike. 

" In the case of the Mexican Railway, the main storage 
is provided at four points on the system. That at Vera 
Cruz furnishes the supplies for all other places, and has a 
capacity of 16,000 tons ; two other points are of 8,000 tons 
each, and the fourth is somewhat smaller. There are several 
other places where small storage is erected for the use of 
branch lines or in cases of emergency. Generally speaking, 
it will be found that fewer depots will be needed for oil 
fuel than for coal, due to the engines being able to carry 
more oil than coal. Thus, in most cases, an engine will 
carry enough oil for a round trip, instead of having to load 
up with coal at the half-journey. 

" It is an absolute necessity in order to obtain good results 
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from the start that the drivers should be properly taught 
the use of oil fuel. It is no use handing over an engine to a 
man who has been all his time used to coal and expecting 
him to get efficiency out of an oil-burning engine. The 
first requisite in starting oil burning is to obtain one or two 
practical men thoroughly up in the subject and put them on 
as teachers. Such men are scarce at present and ask high 
wages, but they will save their pay many times over. 

" Very few of our drivers and firemen had any experience 
of oU-burning engines, and at first they were rather against 
the idea. Each engine as it came out of the shops was 
handed over to its proper crew, who were accompanied by 
an inspector as teacher. Usually a round trip was sufficient 
for the learners ; after that a travelling inspector occasionally 
rode the engines for a few miles to give any needed hints, 
and also to watch the performance of the engines, which 
often require minor adjustments in order to give the best 
results. After a few days' trial, the drivers were usually 
most enthusiastic about the new fuel, but the majority of 
the firemen did not take at all kindly to it. 

" The driver found that he had very little trouble in 
obtaining a full head of steam, and, in fact, in the earlier 
stages the chief difficulty was to prevent them wasting steam. 
The fireman found that though his manual labour was nil, 
the new fuel always required his attention, his hand being 
constantly on the valves increasing or decreasing the supply 
of oil or steam. He had been used to putting on a heap of 
coal and then sitting down while that burnt out. With 
the introduction of oil fuel a better class of men presented 
themselves as firemen, and in a few years it is to be hoped 
that very few drivers will be engaged who have not learnt 
their work on their own railway. 

" At one station the work previously performed by 
twenty-six men, and requiring frequent use of an engine 
for shunting in and out coal cars and the movement of ash 
cars, is now done by two men, who also perform all the work 
required for the supply of water to a running shed, engines, 
and a fairly large population of employees and their families." 



SECTION II 

PRINCIPLES OF COMBUSTION 

The principles involved in the complete combustion of 
fuel oil are identical with those of coal or any other fuel. 
In the case of oil, however, the difficulty of arriving at 
and maintaining complete combustion is much greater, 
although at first sight it would appear to be a more simple 
problem. The primd facie evidence of this is in the large 
number of inventions of oil burners of all types and classes 
having as their objective the extraction of the greatest 
amount of heat from the oil. 

Briefly stated, it is necessary to break up any fuel into 
pieoes of such size that the oxygen in the atmosphere will 
unite perfectly with them in combustion. Any deficiency 
in this respect results in some portion of the fuel passing away 
as unburnt hydrocarbons and some portion being left 
behind in the form of ashes or coke. It is also equally 
important that only the exact amount of oxygen (air) neces- 
sary to produce complete combustion should be admitted 
to the furnace. Any excess of air over and above that 
actually required produces quite different chemical changes 
in the gases, having the effect of lowering the temperature 
in the combustion chamber, and therefore lowering the 
efficiency. Every invention dealing with the combustion 
of fuel has as its basis an arrangement whereby the particles 
of fuel may be brought into perfect contact with the exact 
amount of air necessary to produce complete combustion. 
In the case of coal, appliances vary very greatly according 
to its nature and characteristics, and every fireman knows 
how difficult it is to burn small slack or bituminous coal 
on firebars suitable for hard steam coal. 

At the same time the analogy between coal and oil 
burning is very close, and it is necessary to bear this fact 



12 OIL FUEL EQUIPMENT FOR LOCOMOTIVES 

very much in mind when following out the suggestions 
put forward herein. As a matter of fact these suggestions 
are intended to appeal to those having intimate knowledge 
of coal-fired locomotives. One point may illustrate clearly 
what is meant. Every locomotive engineer knows the serious 
and immediate effect of incomplete covering of the firebars 
with live coal. If only a very small portion is exposed for 
the passage of free air, cooling of the firebox gases occurs 
and steam pressure drops. Exactly the same thing happens 
with oil burning when excess of air is admitted, although 
it seems to have been quite overlooked in many designs 
of oil-burning fireboxes. 

The intention here is to point out the differences in the 
conditions between the successful combustion of coal and 
that of oil and to indicate how these conditions can be met. 
It is therefore a mistake to assume that coal-burning experi- 
ence is no guide for oil burning. On the contrary, it is an 
essential guide, but such knowledge must obviously be 
applied to conditions which are often diametrically opposed 
to those of the old order. 

The nearest approach to the burning of crude petroleum 
is that of bituminous coal. Both are alike in having a basis 
of heavy hydrocarbons, requiring for complete combustion 
a proper admixture of air with the volatile gases, the main- 
tenance of temperature in the combustion chamber, and 
the proper amount of space. 

Of these three essential conditions the difficulties which 
present themselves are not the same in the two cases. For 
example, with bituminous coal the main supply of air is 
taken from below and through the firebars. With an even 
distribution of coal and a thick and regular fire the air 
which passes through is broken up and utilised entirely and 
efficiently in combustion. Assuming a high grade of stoking, 
it is not possible to pass through an excess of air not used 
effectively. On the contrary, a portion of the heat thus 
generated is absorbed in driving off the volatile gases of 
the coal, and this heat is latent. Latent heat reduces the 
temperature of the gases above the furnace, and to convert 
this into complete combustion additional air has to be 
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admitted above the coal. It is here where excess air is 
easily admitted and adjustment is made only with difficulty. 
In Fig. 1 is shown a section of a locomotive illustrating the 
manner in which combustion takes place with coal firing, 
and the admission of the additional air at the firing door. 

Something of the same problem arises in the case of oil. 
As it is not possible to spread oil over firebars or to break 
it up into lumps, recourse is had to atomisation of the oil 
by various devices and its distribution evenly over a wide 
area, so as to represent as nearly as possible the laying of 
the coal on firebars. The principle of the admission and 
admixture of the air is, or ought to be, almost identical, that is 
to say, it ought to follow the direction of combustion wholly 
and entirely. In other words, the entire quantity of air 
necessary for combustion should be admitted behind the 
oil-jet, and the oil spray should so completely cover the area 
of the firebox that no excess of air should pass through. 
Unfortunately in practice this is very difficult to attain, 
as with oil also some latent heat is produced and absolutely 
perfect combustion is not possible. By perfect combustion 
is not meant merely the complete burning of the oil, but 
the complete combustion with the highest percentage of 
C0 2 . (See Table 4, p. 21.) 

The percentage of C0 2 may usefully be referred to as 
the Excess Air Factor. The question of smoke prevention 
is therefore entirely one of air and temperature, but the 
question of efficient combustion is one of air, temperature, 
and C0 2 . 

The quantity of C0 2 being determined by the quantity 
of air, and this again being determined by the temperature 
of the furnace gases, it follows that anything disadvan- 
tageously affecting the temperature tends to lower the 
efficiency of combustion and increase the excess air factor. 
In the case of both oil and coal fuels it has been pointed 
out that the temperature is lowered by the latent heat 
of the volatile gases. In addition, no combustion can be 
perfect where these gases are brought too early into con- 
tact with cold tubes, plates, or cold air. It is for this reason 
that hand-fired furnaces suffer from the opening of the fire 



PRINCIPLES OP COMBUSTION 15 

doors and that they benefit by the introduction of previously 
heated air. 

It is therefore most important to avoid condensation of 
the partly-burnt gases by keeping them from contact with the 
boiler tubes or plates until combustion has been completed. 
This is effected generally by building brick combustion 
chambers, the bricks quickly rising to the temperature of 
the furnace and acting regeneratively by maintaining the 
temperature. This method prevents the gases rising ver- 
tically and passing away unconsumed among water tubes or 
through smoke tubes. 

The last consideration in this analogy between coal and 
oil burning is that of space. Obviously the space for com- 
bustion should be proportioned in accordance with the 
quantity of fuel to be burnt and relatively to the quantity 
of air required. Unfortunately in locomotive boilers this is 
such a varying factor that each case requires independent 
treatment, and some compromise has to be effected between 
maximum and minimum duty. The area of the brickwork 
and the form which is given to it are both equally impor- 
tant. With oil fuel the burner and brickwork must be con- 
sidered, one type of burner requiring a different form of brick 
chamber from that required by another type. In view of 
the fact that oil spray has much less resistance to the passage 
of air than coal on firebars, the liability to excess of air on 
varying loads is much greater in the former case. Given, 
however, a proper method of air regulation, liquid fuel 
has a higher percentage efficiency than coal in raising steam 
because proportionately less latent heat is present and con- 
sequently less excess of air is required. 

In the practical application of the principles of combustion 
just described many divergent factors are met with. The 
effect of these will be considered in the following pages as 
regards the modifications necessary in fireboxes to burn 
oil fuel, but it should always be remembered by those accus- 
tomed to deal with coal-fired locomotives that while the 
principles involved are the same the manner is different, 
the essential difference being in the nature of the fuel to 
be dealt with. The analogy therefore need not be pursued 
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further, nor is there any intention in a practical work 
of this character to consider the chemical or theoretical side 
of oil fuel. The locomotive engineer wants to know what 
he must do under the diverse and very trying conditions 
which confront him to a much greater extent than arises 
with stationary boilers. For a more analytical study of 
the subject he is referred to the many scientific text-books, 
a list of some of these and other publications on oil fuel being 
given at the end of the book. 

Atomisation. — The first essential to the burning of oil 
efficiently is the complete breaking up of the fuel into 
minute particles. The word " mist " conveys the idea 
more accurately. These minute particles, moreover, must 
be diffused or spread out as much as possible so that the 
incoming air may completely surround each particle, then 
the amount of oxygen, which is necessary for combustion, 
is always present. This is analogous to breaking up coal 
on the firebars, rendering it full of minute passages, and 
presenting as great a surface area as possible for combination 
with the oxygen. The disintegration of coal takes place in 
a state of incandescence within the furnace, but oil has to 
be supplied continuously as it is burnt, because with the 
heat of combustion it becomes immediately vaporised and 
does not remain incandescent. Regulation of heat, there- 
fore, is dependent upon the quantity of oil supplied to the 
furnace from moment to moment. 

The theoretical quantity of air required to burn 1 pound 
of oil under conditions of perfect atomisation and admixture 
is 15 pounds, but considerably more than this quantity is 
required in practice, usually about 24 pounds, dependent 
upon the method of atomisation, the arrangements of air 
admission and regulation, and the operator. The effects 
of these under the various conditions met with in locomo- 
tive praotice are dealt with later. 

The three methods in use for supplying and pulverising 
the oil are (a) the steam-jet system ; (b) the compressed-air 
system ; and (c) the pressure-jet system. Each method 
breaks up more or less effectively the crude oii, and in this 
respect there is little to choose between them: The cost of 
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doing so, however, is quite different in the three systems, 
and it is this aspect which has to be carefully considered. 
Perfect atomisation in itself therefore, although absolutely 
essential, is not the only condition of successful fuel combus- 
tion, nor is it even the most important. The temperature 
of the oil, the temperature of the furnace, and the tempera- 
ture of the air have an immediate effect on the degree of 
combustion of each oil particle. The temperature of the 
oil passed through the atomiser or burner has an important 
bearing on the fineness of atomisation. The object of heating 
is to break down the viscosity (see Table 2) and so render 
the spray finer. It is necessary to retain this heat in the 
furnace, and with that object refractory brick linings are 
employed. The degree to which the oil should be heated 
depends on its viscosity and flash point. The thicker the 
residuum, the greater power and higher temperature required 
to pulverise it. If the temperature of the oil is too high 
it results in vaporisation, which in some cases may be detri- 
mental, causing chemical breaking up of the oil, known 
as " cracking." This temperature is usually well above 
300° F. and is affected by the degree of compression of the 
oil. The effect of temperature may be seen comparatively 
with water, which has a viscosity of 25*5 seconds at 60° F., 
oil having 1,285 seconds. To bring the viscosity of such 
oil down to that of water at 60° F. it must be heated to a 
temperature of about 150° F. 

Draught. — The difference of air pressure between the 
chimney of a locomotive and the air admission opening to 
the firebox, caused by the velocity of the exhaust steam, 
creates a partial vacuum in the firebox and provides the 
draught required for combustion. The draught being thus 
entirely dependent upon the exhaust steam or upon the 
blower, it follows that its intensity will correspond there- 
with. It is in fact a constantly varying factor, the vacuum 
created ranging from J inch to 4 inches of water gauge 
with coal firing*. When the engine is cold, without steam, 
and therefore without any appreciable natural draught, 
recourse must be had to a supplementary or artificial 
draught if complete combustion or quick steam raising are 

O.F.B. O 
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wanted. This may be effected by compressed air or steam 
from another engine. 

The intensity of draught required for oil burning, or in 
other words the degree of vacuum in the firebox, is only 
about one-fourth of that necessary with coal, because the 
chief resistance to draught in coal firing is the thickness 
of the bed of coal on the firebars and the small interstices 
through which air has to pass. With oil fuel, therefore, 
it would be disastrous to employ the same amount of draught 
as with coal, because the light particles of atomised oil 
would be drawn too quickly through the smoke tubes, and 
away from the side and crown plates, without parting with 
their heat. The heat of the exhaust gases would be much 
too high, and with certain forms of burners the flame would 
be extinguished. In the light of what has already been said 
regarding the excess air factor, it will be seen that in respect 
of the usual locomotive draught considerable modification 
is necessary for oil. 

These adjustments can be made in the smokebox by 
enlarging the exhaust nozzle and by the form and position 
of the " petticoat," and also by proper damper regulation. 
The dampers for oil-fuel burning must be made more exactly 
adjustable than is necessary with coal firing ; indeed, this 
must be obvious, because if the resistance to the passage of 
air is so much less with oil, the greater quantity will pass 
through a given opening of the dampers. The forms of 
dampers and adjustments of exhaust nozzles will be described 
later, but it may be mentioned here that some form of 
draught gauge — the simplest form of water-gauge of bent 
glass tube in the U shape being quite satisfactory — should 
be provided permanently in the cab and connected by a 
J-inch pipe to the smokebox. This will enable the driver 
to see the variations of draught intensity due to varying 
degrees of exhaust while running. 

Draught for oil fuel therefore resolves itself into a retarda- 
tion of the gases, sufficient draught only being required to 
remove the products of combustion as formed. The amount 
\ will of course depend on the quantity of oil being consumed at 
any given moment. Only a slight draught gives a consider- 
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able velocity, but owing to the higher calorific value of 
oil the quantity of air necessary for the combustion of 1 pound 
of oil is 15 pounds as compared with 11 pounds for coal. 
One pound weight of air occupies 13-14 cubic feet at 60° F. 
The following Table 3 gives the velocities of air at 50° F. 
for pressures in inches of water from 0*1 to 2*0 inches : — 

Table 3. — Air Velocities indicated by 

Water-Gatjge. 



Pressure. 


Air Velocity in Feet. 


Inches of 
Water. 


Per Second. 


Per Minute. 


01 


20-7 


1,248 


0-2 


29-8 


1,758 


0-3 


35-8 


2,150 


0-4 


41-4 


2,485 


0-5 


46*3 


2,778 


0-6 


50-7 


8,043 


0-7 


54-8 


8,287 


0-8 


58*5 


8,513 


0-9 


621 


8,726 


10 


65-4 


8,927 


2 


92-4 


5,547 



The foregoing facts and figures are based upon perfect 
firebox conditions and a temperature of exhaust gases 
not exceeding 500° F. ; the nearer the approach to this con- 
dition in practice the nearer perfect the combustion will be. 

As the object of draught is to provide the requisite 
flow of air to the combustion chamber, the area or space 
necessary for combustion is of great importance. A com- 
bustion chamber for coal may be either long and narrow 
or wide and high. The combustion of the largest proportion 
of the fuel takes place on the firebars, and it is only the incom- 
pletely burned gases that have to be consumed in the com- 
bustion chamber. Hence, in order to effect this, additional 
air has to be admitted above the burning coal by means of 

02 
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the fire door. In the case of oil, combustion takes place 
earlier and over a considerably shorter distance, and the 
area required is larger. Data in connection with the actual 
space required would serve no useful purpose here, as the 
types of locomotives differ too considerably. The mere fact 
that the consumption of coal on locomotive fire grates 
may be anything between 40 pounds and 100 pounds per 
square foot of grate area is a sufficient indication. The 
question, however, will be considered from a practical 
point of view in Section V., from which it will be easy to 
draw deductions for any particular case. 

Furnace Efficiency. — Combustion may be defined as the 
union of two dissimilar substances evolving light and heat. 
In ordinary practice one of these is alw^s the oxygen in 
the atmosphere, and the other is the fuel employed. Every 
pound of fuel requires a given quantity of oxygen for its 
complete combustion, and thus a given quantity of air, 
which varies with different fuels, but in every case less air 
prevents complete combustion, and an excess of air causes 
waste, of heat by the amount required to heat the excess of 
air to the temperature of the escaping gases. 

In a summary of experiments made in England, and pub- 
lished in Bourne's large work " Steam, Air and Gas Engines," 
it is stated that : — 

" 1. A moderately thick and hot fire with rapid draught 
uniformly gave the best results. 

2. Combustion of black smoke by additional air was a loss. 

3. In all experiments the highest result was always obtained 
when all the air was introduced through the fire-bars " (Babcock 
and Wilcox). 

It is necessary to bear the foregoing remarks well in 
mind, together with the other data on the principles of 
combustion given in this section, when considering the deduc- 
tions arrived at in the sections which follow. First of all 
the furnace efficiency is affected by an excess of air admission. 

The following Table 4 shows the amount of fuel (3) 
wasted when an excess of air (2), beyond that necessary 
for complete combustion, is admitted to a furnace, this 
excess of air being measured by the percentage (1) of C0 2 
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which the products of combustion in the furnace flues 
contain. 



Table 4. — C0 2 Economy Table, showing Loss due to 

Excess Air. 



1. Per cent. 


























« 


CO a . 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


2. Excess air 


6-3 


4-7 


3-8 


3-2 


2-7 


2-4 


21 


1-9 


1-7 


1-6 


1-5 


1*4 


1-3 


3. Per cent. 




























fuel loss 


60 


45 


36 


30 


26 


23 


20 


18 


16 


15 


14 


13 


12 



(1) Percentages of GO a by volume; (2) Excess air, so many times the theo- 
retical amount required for combustion ; (3) Percentages of fuel lost, 
cost or tonnage. 

The loss of efficiency which ensues from the escape of 
carbonic oxide unconverted into carbonic acid is due to 
the much smaller amount of heat given out upon the in- 
complete combustion of carbon into carbonic oxide. While 
carbon burned to carbonic * acid (C0 2 ) generates 14,650 
B.Th.U. per pound, the same quantity burned to carbonic 
oxide (CO) gives out only 4,400 B.Th.U. per pound. For 
every pound of carbon which passes off in the form of 
carbonic oxide there is therefore a loss of 14,650 - 4,400, 
or 10,250 B.Th.U., or 69-28 per cent. (Kempe). 

A portable and accurate instrument for determining 
the percentage of CO a readily and rapidly is described in 
Section VIII. 

The opposite condition of too little air, or incomplete 
combustion, is evidenced by the emission of smoke, although 
it does not by any means follow that no smoke is perfect 
combustion. Smoke may also be due to an excess of moisture 
in the combustion chamber, which will lower the tempera- 
ture of the volatile gases. 

The temperature of the combustion chamber is affected 
by the temperature of the air which enters from outside. 
Thus if the air is 70° F. the difference between that degree 
and the temperature of the furnace is absorbed in heating 
the air and not in evaporating water. It is therefore 
desirable that the air should be heated prior to admission 
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to as high a degree as possible by utilising some heat which 
would otherwise radiate to the atmosphere. Many devices 
have been patented for the prevention of smoke, but have 
neglected to take into consideration the effect on tempera- 
ture, for without the maintenance of high temperature there 
can be no efficient combustion. The length of flame is 
determined by the temperature in the combustion chamber, 
for if the temperature is low the burning hydrocarbons will 
travel a longer distance before they are consumed. 

It will be seen that to ensure the exact quantity of air 
and maintain the highest temperature the method of air 
admission is all-important. Even if every other condition 
were satisfactory, badly-designed air openings and dampers 
would mean loss of furnace efficiency to a possible extent 
of 50 per cent. 

Oil fuel is composed of 85 per cent, carbon and 12 per cent, 
hydrogen, approximately. Hydrogen ignites at a tern- 
perature below that necessary to ignite carbon, and hence 
if the temperature of the furnace is low the hydrogen will 
burn away, leaving the carbon unconsumed, to be carried 
away in the form of smoke. (See Fig. 21.) 

Efficiency of Evaporation. — The efficiency of evaporation 
is the heat per pound of fuel as fired divided by the calorific 
value per pound of fuel. Taking the calorific value of oil 
fuel at 18,500 B.Th.U. per pound, and dividing it by 966-7 
B.Th.U. — the heat units required to convert one pound of 
water to steam at 212° F. — gives 19*13 pounds of water, 
which should be evaporated at 100 per cent, efficiency. 
If only 16 pounds of water are evaporated, or 15,467 B.Th.U. 
per pound as fired, then the ratio of 16 to 19*13 represents 
the efficiency of evaporation of the boiler and furnace, 
or 83*6 per cent. This would be a fairly high percentage 
efficiency, the usual evaporation on locomotives burning 
coal being nearer 60 per cent. The difference between the 
figure obtained and 100 per cent, is made up of losses due 
to incomplete combustion, radiation, etc. The efficiency 
of evaporation is known as the thermal efficiency. 

In order to obtain the actual evaporation at any given 
steam pressure it is necessary to divide by certain factors 
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of evaporation corresponding to pressure and temperature 
of feed water. These factors are calculated on a basis 
which allows for the boiling point of water being higher 
than 212° F. when under pressure. Conversely, if the actual 
quantity of water evaporated is known, it is necessary to 
multiply it by the corresponding factor to determine the 
quantity which would have been evaporated from and at 
2 1 2° F. The list of factors of evaporation is given in Table 5. 
The evaporative power of locomotive boilers ranges from 
7 pounds to 10 pounds of water per pound of coal consumed, 
according to the calorific value. The evaporation per pound 
of oil fuel on a similar basis should be about 15 pounds. 
The consumption of coal in a locomotive engine at rest is 
about one-fifth of that consumed when the engine is running. 
Oil fuel would give a lower percentage. 

Table 5. — Factors of Evaporation. 



Tempera- 
ture of 


Boiler Pressure in Pounds per Square Inch. 


Feed 

Water in 

Degrees F. 


100 


120 


140 


160 


180 


200 


220 


240 


40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 


1-219 
1-208 
1198 
1187 
1177 
1166 
1156 
1146 
1136 
1125 
1115 
1104 
1094 
1083 
1073 
1063 
1052 
1042 


1-222 
1-212 
1-202 
1191 
1181 
1170 
1160 
1150 
1140 
1129 
r-119 
1-108 
1-098 
1087 
1077 
1066 
1056 
1-046 


1-226 
1-215 
1-205 
1194 
1184 
1174 
1164 
1153 
1143 
1132 
1122 
1111 
1101 
1091 
1080 
1070 
1059 
1049 


1-229 
1-218 
1-208 
1197 
1187 
1177 
1167 
1156 
1146 
1136 
1125 
1115 
1104 
1094 
1083 
1073 
1063 
1052 


1-232 
1-221 
1-211 
1-200 
1190 
1180 
1170 
1-159 
1149 
1138 
1128 
1118 
1107 
1097 
1086 
1076 
1065 
1055 


1-234 
1-224 
1-214 
1-208 
1193 
1183 
1172 
1162 
1151 
1141 
1131 
1-120 
1110 
1099 
1089 
1078 
1068 
1057 


1-237 
1-226 
1-216 
1-206 
1195 
1185 
1175 
1164 
1154 
1-144 
1133 
1123 
1112 
1102 
1091 
1081 
1071 
1060 


1-239 
1-229 
1-218 
1-208 
1198 
1187 
1177 
1167 
1156 
1146 
1135 
1125 
1115 
1104 
1094 
1083 
1073 
1062 



SECTION III 

METHODS OF BTTBNING OIL FUEL 

In the preceding sections emphasis has been laid upon 
the conditions necessary to ensure the efficient combustion 
of the oil, and reference was made to the three systems 
which have been adopted to this end — viz., the Steam- Jet 
System ; the Compressed Air- Jet System ; and the Pressure- 
Jet System. It is proposed to describe these systems in 
this section, putting forward the points they claim, and 
examining them from the efficiency point of view. 

In order to avoid confusion, comparisons one with another 
will not be made until the end of the section, but each will 
be treated on its own merits as to how far it complies with 
the conditions laid down for ideal operation, bearing in 
mind that it is a " system " which has to be considered, 
and not merely a particular form of burner. As a matter of 
fact, the burner in any system is only the atomiser, and its 
f unctions are very circumscribed compared with the equip- 
ment as a whole. It is practically limited to two condi- 
tions only — viz., (1) the attainment of the highest degree 
of atomisation, and (2) the form in which the atomised oil 
is introduced into the furnace. 

The Steam- Jet System. 

One of the earliest forms of burning petroleum was by 
means of the steam-jet. Steam was, and still is, employed 
to break down the viscosity of the oil and to atomise it. 
It thus serves two purposes, as the viscosity can only 
be reduced and atomisation rendered possible by raising 
the oil to the necessary temperature. The simplest form 
of steam- jet burner is that of a double tube about 18 inches 
or 2 feet in length in which the tubes are concentric, one 
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within the other — these tubes to be so arranged that the 
steam passes at one end into the space between the outer 
and inner tubes, the oil being supplied to the inner tube 
at the same end ; at the opposite or discharge end the 
inner tube to be perforated with small holes in a ring around 
its circumference about 2 inches from the point of discharge, 
the oil thus mingling with the steam, both being discharged 
together in the form of a spray. The discharge end of 
the inner or. oil tube would of course be closed, in order 
to force the oil through the circumferential holes. Such 
a method is not only very wasteful of steam, but also of 
oil, as the atomisation could not be carried to the necessary 
degree of fineness. 

Modern steam-jet burners are designed to work more 
economically, that is, to give the highest degree of atomisa- 
tion with the minimum quantity of steam. 

It is not intended here to describe at any length the 
many steam-jet systems on the market. There are at least 
forty of them, but one or two of those which have passed 
the experimental stage and which embody special features 
will be referred to. It must Hot be understood that there 
are not others equally as good, as the examples are selected 
as typical only. 

The apparatus required with the steam-jet, which is the 
simplest of all oil burners, consists of the oil tank on the 
tender, the necessary supply pipes, and the steam con- 
nections to the burner. Beyond these and the usual valves, 
the burner is self-contained and comprises all that is 
requisite for the regulation of both oil and steam. The 
oil, which should be heated in the tank, flows by gravity 
to the burner, although in some system; air compassion 
in the tank is necessary to give the oil a certain " head." 
This obviously necessitates the use of air-tight tanks and 
an air compressor. 

The admission of air for combustion is arranged and 
regulated much on the same lines as in coal-fired loco- 
motive fireboxes, but this part of the system is dealt 
with separately under the head of " Firebox Arrange- 
ments." 
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Full details of any of the following systems can always 
be obtained from the respective manufacturers. 

The HoMen Burner. — This system has been designed by 
Mr. Holden, of the Great Eastern Railway Company, 
England, after many years of careful study and experience. 
The object in view has been to combine the systems of coal 
burning and oil burning in the same firebox with practically 
no alteration except the covering over of the firebars with 
firebricks when running solely on oil. The system, there- 



Fig. 2. — Holden' a Steam- Jet Burner. 

fore, lends itself to either coal firing only, oil firing only, 
or a combination of coal and oil. There is a good deal to 
be said in favour of such a system in a country in which 
coal is the usual fuel, due to its abundance and cheapness, 
but where the price of oil absolutely puts it out of considera- 
tion on a basis of economy. Mr. Holden's object has not 
been so much to cut down running expenses as to provide 
against coal strikes. Hence the system is interesting from 
that point of view, but where these conditions do not obtain 
a mixed system is at best only a compromise. For a full 
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description of this system the 
reader is referred to " Liquid 
Fuel and its Apparatus," by 
W. H. Booth, F.G.S., p. 154. 

The burner or atomiser is 
shown in Fig. 2, and is unique 
of its type. It is made of gun- 
metal, and its action will be 
clear from the section. The oil, 
steam, and air inlets are indi- 
cated, air being induced by the 
velocity of the steam. The special 

feature is the nozzle through ■ 

which the mixture of air, steam, ■£ 

and atomised oil passes into the 

furnace through seven ring holes, S 

inclined to each other at con- fj; 

verging angles. The base of the -g 

nozzle-box contains a passage for J 

supplementary steam. d 

Fig. 3 shows the application of m 

Holden's system of liquid fuel | 

burning to a locomotive with jq 

firebox over 2 feet 6 inches wide. I 

For a smaller firebox a some- w 

what different arrangement is 2 

adopted, one injector only being 
necessary. 

The apertures in the firebox 
are made by inserting a copper 
tube, beaded over at the ends, and 
into this a wrought-iron ferrule is 
drifted, which makes a perfectly 
tight joint. 

The nozzle of the injector is 
placed about $ inch above the 
centre of the aperture, and the 
face of the ring £ inch from front 
of same. 
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If liquid fuel is burnt in conjunction with solid fuel a 
thin layer of slow-burning coal spread over the firebars 
will be found to be most efficient, with the damper of the 
ashpan opened sufficiently to give an easy draught and ensure 
a bright fire. 

When liquid fuel is to be used alone, steam is first raised in 
the boiler by a wood and coal fire kindled in the ordinary 
manner, and when from 25 to 30 pounds pressure is obtained 
the fire is levelled over and covered with a layer of broken 
firebrick of not more than 3-inch cube. This covering is 
spread so that it is thinnest about the centre of the firebox 
and well packed round the sides and corners. A few pieces 
of waste or wood should be thrown in to cause a flame before 
the liquid fuel is introduced. 

Dry steam should be taken from the dome to steam 
fitting C ; the cocks 1 and 2 on the. fitting are for admission 
of steam to cones and rings on injector respectively ; the 
cock 3 is for blowing steam through fuel pipes and injector 
should they become choked ; and the cock D is to admit 
steam to the heater coil placed in the tank to prevent the 
fuel solidifying in cold weather. 

The fittings necessary for a locomotive, as illustrated, 
consist of the following :— 

One four- way piece. 

Two tee pieces. 

Two copper tubes and ferrules. 

One heater coil connection. 



Two injector-ejectors. 
Two regulating waives 

and gear. 
One steam fitting. 
One stop-cock on tank. 



For a locomotive with firebox under 2 feet 6 inches wide 
the following fittings are required :— 



One injector and regu- 
lating valve. 
One steam fitting. 
Ojie stop-cock in tank. 



One tee piece. 

One copper tube and ferrule. 

One heater coil connection. 



One of the special claims made for this system is that a 
bed of incandescent fuel on the firebars helps to maintain 
the temperature of the firebox when oil supply is shut 



METHODS OF BURNING OIL FUEL 29 

off and so prevents undue cooling of the heating surfaces 
of the boiler. 

On the other hand, the combustion area for oil is reduced, 
and when both coal and oil are in use together there is the 
inevitable opening of the firing door to supply coal. Hence 
Mr. Holden has to retain the form of deflecting brickwork 
over the firing door in order to direct downwards the cold 
air which enters. 

It is claimed that on a month's average with ten loco- 
motives, one using oil and coal and nine using coal only, 
the consumption of fuel per mile was 23-2 pounds for 
oil and coal combined and 34 pounds of coal per mile for 



Era. 4. — Kermode Steam-Jet Burner. 

each of the nine locomotives using coal only. The regulation 
of oil, steam, and air in the burner can be made independently 
and to a very fine adjustment. 

The Kermode Steam Burner. — This burner is shown in 
section in Fig. 4, and the description of its construction 
and operation is as follows : — 

A . Oil valve spindle for regulating oil supply. 

B. Oil admission. 

C. Steam admission. 

D. Openings for air admission. 

E. Moveable perforated strap to regulate air admission. 

F. Air cone containing spiral guides. 
Q. Oil valve. 

H. Hollow cone around which steam passes. 
K. Base of cone H. 
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L. Gland. 

M , Spider for turning round the cone F. 

N. Valve wheel. 

The steam in passing through heats the oil in the inner 
eone H, and both discharge at the needle valve at the back 
of the air cone F. The oil has a swirling motion imparted 
to it in its passage by the spiral O, and oil, steam, and air 
are jointly discharged into the furnace from the air cone F. 



Fiu. fl. — Yon Boden-Ingles' Steam-Jet Burner. 

The flow of air is induced by the steam velocity, and the 
amount is regulated by the perforated straps E. It will thus 
be seen that the object aimed at is the intimate intermixture 
of air and oil, the steam performing the duties of heating, 
atomising and air induction. It is claimed for this system 
that it has a wide range of capacity, one size of the burner 
being usually sufficient for ordinary limits of working. 

The Von Boden-Ingles' Burner. — The special feature of 
this burner, which is illustrated in Fig. 5, is the outside 
atomisation of the oil by the steam impinging on the 
projecting corrugated Up. ThiB does away with the waste 
and dripping of oil, and also permits cutting down of the 
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fire to a candle flame and leaving it in that condition for 
any length of time. 

Another feature is its simplicity of construction, the entire 
burner being cast in one piece, so that there are no delicate 
parts to get out of order, and should foreign substances, 
such as waste, etc., be carried into the burner, they can be 
readily blown out with steam by using the blow-back valve. 

The oil opening is both on the top and the bottom of the 
burner ; this enables the piping of the oil to either opening, 
and is an advantage where there is a shortage of room for 
fitting the oil pipe to the burner. 

BeaVs Burner. — This is an American burner, designed by 
Mr. W. N. Best, superintendent of the Los Angeles Railway. 




Fig. 6. — Best's Steam-Jet Burner. 



It is represented in section in Fig. 6, from which it will be 
seen that the oil channel is below the steam atomiser. As 
the oil passes out perpendicularly it is struck by the jet of 
air or steam issuing horizontally, and is converted into a 
very fine mist. 

The nose or lip of the burner is provided with a hinge, 
so that it can be quickly removed to clear the steam passage 
should it become clogged or stopped. An automatic 
arrangement is also provided for draining the steam passage 
when the burner is not in operation, and thus water is pre- 
vented from being discharged against the brick lining or 
arch of the furnace. 

The opening of the burner can be shaped so as to throw 
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either a long narrow flame or a fan-shaped blaze 9 feet 
wide. 

These burners are used on the Los Angeles and Tehuan- 
tepec Railways and the Mexican Railway. 

Advantages of Steam-Jet System. 

1. Simple in construction. 

2. Involves no pumping or heating apparatus. 

3. Low initial cost. Most of the steam-jet systems can 
be fitted up for a small outlay, from £20 to £50, including 
all pipes, connections and labour, but exclusive of tanks, 
firebox, alterations, etc., which are common to each system. 

4. Occupies small space. 

5. Will deliver up to 500 pounds of oil per burner per hour. 

6. Adaptable to any form of flame — that is, flat flame, 
circular flame, or generally distributed flame. 

Disadvantages of Steam-Jet System. 

1. The primary disadvantage of the steam-jet system is 
that it reduces the temperature of the gases in the com- 
bustion chamber, which it is vital to maintain at the highest 
point in order to obtain the highest evaporative results. 

2. It is incapable of rapid adjustment, with accuracy, to 
the varying demands of the locomotive. This is on the 
assumption that it is considered as an oil burner and not 
as a combined oil and coal system. 

3. It is affected by variations in the steam pressure, and 
particularly by wet steam. Priming of the boiler has the 
immediate effect of extinguishing the flame, with some 
liability to explosion on relighting. 

4. If there is any sulphur present in the oil, sulphurous 
compounds are formed in the combustion chamber, which 
attack the plates and tubes. 

5. It costs as much extra in oil as it draws steam from the 
boiler, and this varies from 5 per cent, to 12 per cent., 
plus its lower heating efficiency. 

6. When the atomised jet strikes a cold boiler plate, 
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that is, a plate or surface at a temperature of 500° F. or 
below, the oil will condense on the surface and not be burnt. 
7. Its ultimate economy is dependent on the manipula- 
tion by the fireman. 

The Texas Oil Company say " that under no circumstances 
can the admission of steam into the firebox be anything but 
detrimental to the temperature. If it is reduced to water 
vapour it gives up its latent heat, only to absorb that heat 
again upon subsequent evaporation, and will absorb further 
heat when passing from the furnace as superheated steam. 
The original heat in the steam was taken from the boiler 
and should be considered lost as far as any possibility of 
regaining it is concerned." 

As most of the experience with the steam-jet system has 
been obtained in the United States, where it was universally 
employed until considerations of efficiency caused careful 
tests to be made, one or two extracts from the reports of 
expert investigators will be given. 

The report by the United States Navy Board says, in 
reference to this system : " All steam that enters the furnace 
will, if combustion is complete, pass up the chimney as 
steam, also carrying with it a certain quantity of waste heat. 
The amount of waste heat will depend upon the amount 
of steam and its temperature at the entrance of the fur- 
nace. The quantity of available heat, measured in thermal 
units, is undoubtedly diminished by the introduction of 
steam. That when using steam, higher pressures are 
undoubtedly more advantageous than lower pressures for 
atomising the oil. That the combustion of liquid fuel 
cannot be forced to as great an extent with steam as the 
atomising agent as when compressed air is used for this 
purpose. This is probably due to the fact that the air 
used for atomising purposes, after entering the furnace, 
supplies oxygen for the combustible, while in the case of 
steam the rarefied vapour simply displaces air that is needed 
to complete combustion." 

Mr. Gaston Launay says " that in oil fired engines using 
the steam jet the firing must never be forced on any account, 

O.F.B. D 



34 OIL FUEL EQUIPMENT FOR LOCOMOTIVES 

the attending evils being the filling and choking of tubes 
with soot, burning of the inner shell, of the rivet heads, 
and causing the boiler to leak. To ensure perfect com- 
bustion in locomotives using oil fuel an accurate combina- 
tion of oil and steam is necessary." 

These are the experiences in the United States, but they 
are confirmed by no less an authority in England than 
Professor Vivian B. Lewes, who makes the following state- 
ment : — 

" Some observers have tried to argue that the utilisation 
of steam for direct pulverisation of the oil adds enormously to 
the heating effect by producing in this way hydrogen and 
carbon monoxide, but this, of course, is an utter mistake, 
as it takes just as much heat to break up the steam as is 
evolved by the after combustion of the products formed, 
that is to say, the balance of heat will remain unchanged. 
The first effect (of steam) is naturally to reduce the tempera- 
ture of the flames and thereby increase their length, thus 
moving the point of highest temperature further into the 
furnace, which has the effect — 

" 1st, of rendering a large portion of the furnace heating 
surface entirely useless ; 

" 2nd, of raising the temperature in the combustion 
chambers to a point which may be hurtful to the material ; 
and 

" 3rd, of causing the last stage of combustion to take place 
in the smokebox and chimney." 

The remarks made on this system should be read in con- 
junction with the conditions stated in Section II. Steam 
for atomisation is equivalent to the presence of water in 
oil. Mr. C. E. L. Orde, of the firm of Sir W. E. Armstrong, 
Whitworth & Co., states that it requires seven days to 
separate the water from oil, the oil during that time being 
maintained at a temperature of 140° F. 



Compressed Air-Jet System. 

Many of the steam-jet burners are adapted to substitute 
compressed air in place of steam. The system was devised 
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to meet the case of marine boilers, in order to conserve the 
fresh water which has to be carried, or distilled from sea 
water. Ten per cent, loss of fresh water would make the 
steam-jet system prohibitive in most cases, and of course 
this would also mean 10 per cent, less boiler capacity, or 
the installation of a supplementary boiler to provide only 
the steam for the atomiser. 

The compressed air-jet system obviously requires an air 
compressor. In early designs air was used at pressures as 
high as 80 pounds to the square inch, but latterly claims of 
efficiency have been made for atomisers using air at a few 
pounds pressure only. After the compressed air has passed 
the nozzle of the burner it immediately expands, and in 
so doing gives up the heat absorbed during compression. 
Hence a considerable cooling effect occurs in the combustion 
chamber, which also tends to lower the general temperature. 
The compression and subsequent expansion of air and other 
gases is the fundamental principle of refrigerating machines, 
and it does not seem scientific to introduce a refrigerating 
effect into a combustion chamber. 

In order to compress air power has to be expended, and 
this power at various air pressures is approximately 1 horse- 
power for 14*7 pounds pressure (2 absolute atmospheres), 
2 horse-power for 44*1 pounds pressure, and 2*75 horse- 
power for 73*5 pounds pressure — at the rate of 1 pound of 
air per minute, or 60 pounds of air per hour. As each 
pound of oil fuel requires about 25 pounds of air for complete 
combustion (in practice) for every 100 pounds of oil fuel 
per hour, 2,500 pounds of air are required. Of this total 
at the lowest pressure, 40 horse-power per hour would be 
required if all the air for combustion were so supplied. 
About one-tenth, or 4 horse-power, is required by the ato- 
miser, the remaining nine-tenths being admitted in the usual 
way. One hundred pounds of oil fuel will evaporate 
1,500 pounds of water, and assuming a high engine efficiency 
of 15 pounds per indicated horse-power per hour, this would 
represent 100 horse-power, or 1 horse-power per pound of 
fuel. Hence, under the very best conditions, 4 per cent, 
of the boiler evaporation would be required for atomising 

d 2 
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purposes, not allowing for loss in transmission of air in 
pipes and the cooling effect of expanded air in the furnace. 
It has been proposed to heat the compressed air in order to 
minimise the cooling effect of expansion, but this again 
means more power. In some cases air compressors take 
more steam to drive them than would be required for 
atomisation direct. 

The air jet is an ideal system for producing intense 
localised heat, such as is necessary in metallurgical processes, 
or where a blast effect is required. This is' the very opposite 
of those conditions so imperative in the furnaces of oil- 
fired boilers. 

For the foregoing reasons and others which are obvious 
the compressed air-jet system is not suitable or adapted 
for locomotive oil burning. 

The Pressure-Jet System. 

This system, as its name implies, depends upon the supply 
of oil under pressure for atomisation. Heavy oils, such as 
the fuel oils being dealt with in this book, cannot be atomised 
at ordinary atmospheric temperatures, as their viscosities 
do not allow even of ready flow. It is therefore necessary 
to heat the oil to a temperature at which the viscosity 
entirely breaks down and this varies between 200° F. and 
300° P. Heaters therefore have to be employed. The 
atomisers usually employed in this system have one common 
feature, namely, the extreme fineness of the discharge 
hole in the nozzle, the holes varying by decimals of a milli- 
metre, from 1 millimetre to 3 millimetres in diameter, 
according to the amount of oil required. Hence it is neces- 
sary to use filters or strainers through which the oil must be 
passed before reaching the burner. These filters are pro- 
. vided with gauze wire or perforated metal plate, the mesh 
or holes in the final process of filtration being about 1 square 
millimetre in area. In order to raise the oil to the required 
pressure, which also varies in different systems from 30 
pounds to 150 pounds per square inch, a steam pump has 
to be provided. 



/ 
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The arrangement of the 
system is illustrated dia- 
grammatioally in Fig. 7. 

The oil passes from the 
supply tank first to a filter, 
which removes any grit or 
foreign matter larger than a 
2 sq. mm. hole ; it then flows 
to the steam pump, which 
raises it to the required pres- 
sure ; from the pump it passes 
through the heater, absorbing 
heat from high pressure steam, 
and from thence in its heated 
state through a second and 
final filter with 1 sq. mm. 
holes or mesh to the burner or 
burners. 

The following is a descrip- 
tion of the several parts just 
enumerated. 

Filters. — The first filter is 
usually designated the suction 
filter and the second the dis- 
charge filter. The design is 
practically the same for both ; 
the suction filter is not subject 
to any greater pressure than 
the weight of the oil behind 
it, but the discharge filter has 
to pass the oil at the working 
pressure, and this may reach 
200 pounds per square inch. 
Filters are designed with 
duplicate filtering chambers 
and bye-passes, so that one 
half can be in use while the 
other is being cleaned or held 
ready for service. 
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Fig. 8 represents the type supplied by the Wallsend 
Slipway and Engineering Co., Ltd., and Fig. 8a shows the 
design of the Meyer-Smith filter. 

In locomotive applications it is usual to construct the 
first filtering medium within the oil tank, placing it over 
the discharge opening, in order to conserve the space which 
a suction filter would occupy outside the tank. This inside 
filter is simply a large inverted cap or cover made of steel 
plate perforated with 2 millimetre holes, the holes having a 




Flo. f 



— Meyer-Smith Oil-Fuel Filter (Duplex Delivery Filter). 



total area of not less than 15 square inches. The cover is 
placed o ver the discharge pipe, which stands up about 4 inches 
inside the tank, and hence the cover should be about a 
foot in diameter and stand a foot in height. Other methods 
are adopted where the cover arrangement is not convenient, 
but in any case it must be easily removed for cleaning 
purposes. 

The second or discharge filter should be provided with 
caps on the chambers held down by a link bar and set screw, 
or by hinged bolts, in order to remove and replace the filter 
bags in a short time. 
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Pumps. — The pumps found most suitable for liquid fuel 
work are those of the direct double-acting type, in universal 
use for boiler feeding purposes. They are made specially 
for oil fuel by the Worthington Pump Company, Tangye, 
Weir, and many others. Owing to the viscosity of the oil 
and the necessity of maintaining a constant and steady 
pressure, air vessels must be fitted either to the oil chamber 
or between the pump and the heater. These air vessels 
should have a capacity of five times the capacity of the oil 
cylinders. 

With regard to the oil capacity per hour, not more than 
one-fifth of the rated capacity as a boiler feed pump should 
be taken — in other words, the number of strokes per minute 
for oil should be one-fifth of those for maximum duty for 
water. Thus a boiler feed pump having eighty strokes 
per minute could be used satisfactorily as an oil pump at 
5*. stroke, per minute, with . eorLpondingly^ce.! 
capacity. Any higher stroke speed will not result in more 
oil being pumped, as the oil will not flow past the valves 
above a certain rate. It is in fact necessary that the oil 
should be at a temperature of not less than 80° to 120° F. 
to flow evenly. 

Table 6 gives, in the second column, the discharge capacity, 
in pounds of oil per hour, of the Worthington duplex 
horizontal type, and in the third column the normal rating 
as a boiler feed pump. 

Table 7 contains the factors of multiplication to ascertain 
the discharge capacity of any reciprocating pump, and the 
re**, owle/muibe aW* 5 wLn the' pump k 
to be used for pumping heavy oil at temperatures between 
60° and 100° F. 

An important detail is the ratio between the steam and 
oil cylinders. The ratios given in Table 6 are quite satis- 
factory for steam pressures of 140 pounds and upwards, 
where the oil pressure does not exceed 150 pounds per square 
inch. In some cases, however, it is desirable that the pump 
should operate with steam at 70 or 80 pounds pressure, 
and in that case the oil cylinder must be made correspond- 
ingly smaller in diameter. This is usually done by fitting 
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a liner into the cylinder, but the efficiency of the pump is 
thereby lowered. 

Table 6. — Capacities of Worthington Pumps (Duplex 
Horizontal Type) in Pounds op Water per Hour 
and at Twenty Strokes per Minute. 



\ 


Capacity at 


Normal Rating 


Max. Speed for 


Size of Pumps 


20 Strokes per 


for Boiler 


Water 


(in inches). 


Minute 


Feed Water 


(Strokes per 




(lbs. per Hour). 


(lbs. per Hour). 


Min.). 


8 X 1| X 2J 


465 


2,068 


80 


8X2X8 


729 


8,240 


• 80 


8J X 2£ X 4 


1,232 


5,188 


75 


41 X 2| X 4 


1,841 


7,672 


75 


51 X 81 X 5 


8,786 


15,566 


70 


6X4X6 


5,841 


21,095 


65 


71 X 5 X 6 


9,129 


82,968 


65 



Specific gravity of oil taken at 0"9. 

The figures in the third column, divided by 10, give the 
number of gallons of water per hour. 

For oil duty these pumps should be fitted with an auto- 
matic release valve with an adjustment for operation at 
varying pressures such as 100, 125, 150, 175, and 200 pounds. 
Any excess of pressure would thus cause oil to flow back 
to the suction side of the pump. The arrangement has 
this advantage, that such escape or overflow is indicated at 
once by the irregularity of the strokes of the pump, apparent 
to both eye and ear. 

These force pumps are not adapted for suction. They 
should therefore be so placed that the oil from the tanks 
flows to them by gravity. 

Heaters. — In this system the oil is heated under pressure 
by steam from the boiler, the oil passing slowly through a 
vessel in which steam coils are placed or in which the steam 
surrounds tubes through which the oil passes. The prin- 
ciple is the same in both cases, the objects being the extrac- 
tion by the oil of the greatest amount of heat from a given 
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quantity of steam and considerations of design for accessi- 
bility and cleaning. The steam in the heater has to be 
maintained at the boiler pressure in order to raise the oil 
to the temperature required, which ranges between 200° 





Fig. 9. — Wallsend-Howden Oil-Fuel Heater. 

and 300° F. Table 8 gives the temperature of saturated 
steam at different pressures. From this table it will be 
seen that steam at 150 pounds pressure has a temperature 
of 358-2° F., and in giving up its heat to the oil it changes 
from the condition of steam to that of water. Hence the 
effect of latent heat losses has to be allowed for, in addition 
to radiation losses in the steam pipe and the exterior surfaces 




Fig. 10. — Meyer-Smith Oil-Fuel Heater. 

of the heater. Heat units are also lost in the oil as latent 
heat losses occur in changing its condition from a liquid to 
a vapour, at the higher temperature. Hence steam at 
150 pounds and at a temperature of 358*2° F. can never 
give up the whole of its heat units to the oil, the efficiency 
depending on the type of heater and the rate of flow of the 
oil. Usually heaters are designed to heat the oil to 280° F., 
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as any higher temperature would involve sizes altogether 
impracticable. 

Three different types of heaters are shown in Figs. 9, 
10 and 11. 

Fig. 9 is the type adopted by the Wallsend Slipway and 
Engineering Co., Ltd. It consists of oil admission and 
discharge chambers and a number of steel tubes through 
which the oil circulates. Steam is admitted to the body 
of the heater and surrounds the oil tubes, the condensed 
steam passing into a collector — shown in diagram in Fig. 7 
— from which the amount of condensed water can be seen 
and drained off. 

Fig. 10 is the Meyer-Smith type, in which the oil occupies 
the body of the heater and the steam is passed through a 




Fig. 11. — American Type Oil-Fuel Heater. 

coiled pipe. As oil does not give up its heat so readily as 
steam, the radiation losses from the body of this heater, 
assuming it to be well lagged with good non-conducting 
material, should be small. 

Fig. 11 is an American type of heater adopted officially 
by the United States Navy Board. The oil passes through 
a very narrow passage formed by the convolutions of two 
concentric tubes pressed into the form of a spiral thread. 
The steam occupies the space inside the inner tube and out- 
side the outer. The surface of the oil thus exposed to the 
heat of the steam is very great in comparison with its bulk, 
and reaches a high temperature very quickly. An excellent 
feature of this heater is the facility with which it can be 
taken apart and replaced by the " unscrewing " of the 
inner tube from the outer and exposing all parts and surfaces 
for inspection and cleaning. 
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Heaters of any type should not be made of cast iron. 
Cast steel, or rolled or solid drawn steel is the only reliable 
metal. All steam and hot oil pipes should be well lagged. 
A 4-inch diameter pipe, 50 feet long, conducting steam at 
100 pounds pressure will radiate heat equivalent to 40 pounds 
of steam per hour, an appreciable percentage of a boiler 
capacity. No such pipes should therefore be exposed on a 
locomotive, nor any surfaces from which radiation takes 
place. 

Table 8. — Temperature of Saturated Steam at 

Different Pressures. 



Pressure in 

lbs. per 
square in. 

above 
Vacuum. 


Temperature 
in Degrees 
Fahrenheit. 


Pressure in 

lbs. per 

square in. 

above 

Vacuum. 


Temperature 

in Degrees 

Fahrenheit. 


10 


193-25 


105 


831-13 


20 


227-95 


110 


834-56 


25 


240-04 


115 


837-86 


30 


250-27 


120 


34105 


35 


25919 


125 


34413 


40 


26713 


130 


34712 


45 


274-29 


140 


352-85 


50 


280-85 


150 


358-26 


55 


286-89 


160 


363-40 


60 


292-51 


170 


868-29 


65 


297-77 


180 


872-97 


70 


802-71 


190 


877-44 


75 


307-88 


200 


881-73 


80 


311-80 


225 


391-79 


85 


316-02 


250 


400-99 


90 


82004 


275 * 


409-50 


95 


823-89 


800 


417-42 


100 


827-58 


850 


424-82 



Auxiliary Apparatus. — The auxiliary fittings of this system 
consist of pressure gauges for oil and steam, thermometers, 
non-return valves, distributing valve boxes, steam pipes, 
oil pipes, return oil circulating pipes, and burners. Their 
position is sihown (Ungrammatically in Fig. 14, illustrating 
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the Wallsend-Howden system. They are referred to again 
in Sections V. and VI. 

Advantages of the Pressure-Jet System. 

1. Oil is atomised at a temperature approximating to its 
boiling point, in which state atomisation is the easiest and 
most perfect. 

2. The spray is evenly distributed and the flame is short, 
thereby ensuring complete combustion at a short distance 
from the nozzle. 

3. The quantity of air can be more nearly regulated to 
correspond with theoretical requirements than in other 
systems. 

4. Hot oil and hot air are introduced at a nominal con- 
sumption of power. The steam required for the pump and 
for heating being about 1 per cent, of the boiler capacity. 

5. Evaporative efficiency of 80 to 83 per cent, on 
stationary boilers. 

6. Does not produce any deleterious products of com- 
bustion. 

7. High furnace temperature maintained. 

8. High percentage of C0 2 . 

9. Low temperature of exhaust gases. 

10. Perfectly silent operation. 

11. Smokeless combustion. 

Disadvantages of the Pressure-Jet System. 

1. Necessitates the apparatus described. 

2. Dependence on pump for compression of the oil. 
This is the only moving part, and, owing to the excellence 
of workmanship and reliability of the type of pump described, 
this does not form a serious objection. 

3. Entails considerable capital outlay, which ranges from 
£100 to £400, according to the capacity of the locomotive. 
The economy of the system and the increased evaporation 
possible gives an additional efficiency of 10 per cent, over 
the steam-jet system, all conditions being equal. It will 
therefore soon repay the extra capital outlay involved by 
economy in oil. 
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The United States Navy Board, in its report on oil- 
burning apparatus, says " that the efficiency of oil-fuel 
plants will be greatly dependent upon the general character 
of the installation of auxiliaries and fittings, and therefore 
the work should only be entrusted to those who have given 
careful study to the matter, and who have had extended 
experience in burning the crude product. The form of 
the burner will play a very small part in increasing the use 
of crude petroleum. The method and character of the instal- 
lation will count for much ; but where burners are simple 
in design and are constructed in accordance with scientific 
principles, there will be very little difference in this effi- 
ciency. Consumers should principally see that they do 
not purchase appliances that have been untried, and have 
been designed by persons who have had but limited expe- 
rience in operating oil devices." 

Descriptions of particular types of pressure-jet systems 
will be found in the section which follows. 



SECTION IV 

pbessube-.tet systems 
Thh Wallsend-Howdbn Pekssueb System (Patent). 
This apparatus is manufactured by the Wallsend Slipway 




Fro. 12. — WallBend-Howden distribution Valve Box. 

and Engineering Company, Ltd., of Wallaend-on-Tyne. 
England. 
The oil is delivered to the burners under high pressure by 
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means of special pumps and at a temperature of 250° F. to 
300° F. Atomisation of the oil is therefore obtained without 
the use of steam as the atomising agent. In order to reach 
the burners the oil passes through a specially designed 
distribution valve box, fitted with steam cocks to each 
burner valve, so that when any oil supply valve is closed 




Fig. 13. — Wallsend-Howden Firebox Arrangement. 



the steam cock can be opened to steam supply and steam 
blown through the pipe to the burner, so clearing the pipe 
and burner of oil, which would otherwise carbonise owing 
to the heat of the furnace. 

Figs. 13 and 13a show the Wallsend-Howden system 
fitted to a small locomotive firebox, which illustrate an alter- 
native method of burners and air admission at each end 
of the ashpan. 

Fig. 14 is a diagrammatic arrangement of the several 
parts of the apparatus, as designed for a locomotive with a 
large firebox. 



O.F.E. 



£ 
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This system is also provided with a special device for raising 
steam without recourse to wood or other fuel and without 
the necessity of taking steam from any exterior source. 
The advantage of this will be obvious for many railways, 
especially those with long single tracks where wood and coal 
are unobtainable, and where it is impossible to start up 
by auxiliary steam. 

No change of burner is necessary. This supplementary 
apparatus consists essentially of a hand pump and auxiliary 
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Fig. 13a. — Wallsend-Howden Firebox Arrangement. 



heater in the form of a double concentric tube through 
which the oil passes. 

The arrangement is shown in Fig. 15. 

The double concentric tube for heating the oil is intro- 
duced into the firebox at a point a few inches below the 
burner, so that the extreme end is within the flame from the 
burner. The cold oil enters the inner tube and is discharged 
at the other end, passing thence along the space between 
the inner and outer tubes to the burner. The initial heat 
is provided by a handful of oily waste ignited under the far 
end of the heating tube, and after a few strokes of the hand 
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pump the oil will light at the burner and continue to heat 
the fuel automatically. The working of the hand pump 
involves no appreciable amount of manual labour, as only 




OIL SUPPLY. 



Fig. 15. — Device for Steam-raising with Fuel Oil. 

a few strokes every few minutes are necessary to maintain 
the pressure of the oil. The degree of heat is regulated 
by inserting the concentric tube at any desired distance 
within the flame area. 
The oil is forced into the furnace in the shape of a conical 
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Fig. 16. — Wallsend-Howden Burner. 



spray of exceedingly fine particles, which burst into flame 
at a distance of 6 to 8 inches from the nozzle. The flame 
being conical, and there being no firebars fitted in the furnace, 
the whole area of the furnace is available for heating surface. 
As there is no firing door to be opened, there is none of 
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that straining action which results from unequal expansion 
and contraction, due to rapid changes consequent on the 
opening of the door in coal stoking. 

The Wallsend-Howden burner is illustrated in Fig. 16. 
It consists of a plain tube, one end of which is arranged for 
the connection of the oil supply pipe and to the other is 
attached the nozzle or atomiser. Between the burner tube 
or body and the nozzle is placed a diaphragm, consisting of 
a small metal disc, which is perforated by one, two, or three 
holes drilled at an angle. These holes are graduated with 
great exactness to millimetre gauges, and thus form a series 
of standard sizes or numbers by means of which any desired 
capacity of oil per hour can previously be determined. A 
list of these capacities at varying oil pressures is given in 
Table 9. In its passage through the holes in the diaphragms 
the oil is given a rotary movement, which it retains in passing 
through the central discharge hole of the nozzle. 

From the foregoing it will be seen that with the Wallsend- 
Howden system it is not possible to regulate the admission 
of oil to the burners by means of the oil valves, the regula- 
tion being effected by the oil pressure or by cutting in and 
out one or more burners. This arrangement greatly sim- 
plifies the question of air admission, as the quantity of oil 
which will be supplied by any given burner is always 
predetermined. 

Steam being raised or available, the oil is admitted to 
the system, and at the same time steam is turned on to the 
heater. Before opening up any of the burners the pump 
must be started and the oil circulating valve opened, 
thereby circulating the oil through the heater and back 
to the suction side of the pump or to the tank. In the course 
of only a few minutes the oil will have attained a tempera- 
ture of 200° F., at which the burners may be lighted. 

Before admitting oil to the furnace a piece of cotton 
waste, soaked in kerosene, should be ignited and thrown 
within the firebox. 

The normal working pressure of the oil should be about 
150 pounds per square inch for ordinary steaming, but must 
be regulated to suit the amount of steam required. 
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Table 9. 

Table showing Approximate Quantities of Oil that can be 
passed through each Burner per Hour with the following 
Combination of Nozzles and Diaphragms. These Quantities 
will be passed when using Mexican Oil at a Temperature of 
260° F. 

Specific gravity of oil (at 60° F.) = 0-947. 
Viscosity of oil at 100° F. = 1,650. 
„ at 200° F. ^ 136. 
„ at 250° F. = 74. 



Pressure per 
sq. in. 


Nozzle 

No. 


Diaphragm 
No. 


Quantity of 
Oil passed 
per Hour, 


lbs. 






lbs. 


125 


10 


210 


135 


99 


12 


212 


160 


99 


13 


213 


180 


99 


16 


216 


240 


99 


18 


218 


270 


99 


20 


220 


300 


99 


22 


222 


360 


99 


24 


224 


425 


99 


26 


226 


525 


150 


10 


210 


140 


99 


12 


212 


170 


99 


13 


213 


190 


99 


16 


216 


255 


99 


18 


218 


290 


99 


20 


220 


325 


99 


22 


222 


395 


99 


24 


224 


465 


99 


26 


226 


575 


175 


10 


210 


145 


99 


12 


212 


180 


99 


18 


213 


200 


99 


16 


216 


275 


99 


18 


218 


310 


99 


20 


220 


850 


99 


22 


222 


420 


99 


24 


224 


500 


99 


26 


226 


620 
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The condition aimed at is a bright, clear flame fully 
filling the firebrick chamber. There should be a slight trace 
of smoke at the chimney, and this will indicate that there is 
no excess of air being supplied for combustion. 

The temperature of the oil should be raised to suit the 
pressure at which it is being sprayed and the class of oil 
which is being burned, so as to give the maximum efficiency, 
and this temperature will be about 150° to 300° F. The 
most suitable temperature will be found by trial and 
experience with the different classes of oil. 

Mexican and other heavy oils require to be burned at 
the higher temperatures. 

Experience shows that the greater the viscosity of the 
oil, the higher the temperature required for efficient com- 
bustion. 

Care should be taken that the stand-by strainers are kept 
clean, so that in the event of the working strainer becoming 
choked they can be quickly changed over. 

Pressure gauges are provided on the inlet and outlet sides 
of the strainers, and the difference between the pressure 
shown on these gauges will give an indication of the condi- 
tion of the working strainers. 

An air valve is fitted to the air vessel, and should be 
opened at the same time as the suction valve on the tank ; 
the pump is then started and the air vessel well charged 
with air so as to ensure a steady pressure of oil to the burners : 
when the air vessel is fully charged the air valve can be shut 
down. 

The design and construction of this apparatus is excellent 
in every way. Steel is used throughout for all parts subject 
to internal pressure, and the burner bodies are made from 
solid forgings. 

This system has been applied to locomotives in many parts 
of the world, particularly on the nitrate railways (Chili), 
and on several other railway systems in South America. 

The Meyer-Smith Pressure System. 

This apparatus is manufactured by Smith's Dock Com- 
pany, Ltd., North Shields. In all essential details of arrange- 
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ment it follows the description given of a pressure system 
in Section III. In details of manufacture it has special 
features, for which specific claims are made. The heater 




¥ia. 17. — Meyer-Smith Burner Distributing Chest. 



which is shown in section in Fig. 10 is made of wrought 
steel, with all branches and flanges electrically welded on, 
which ensures a perfectly oil-tight vessel. Both end covers 
are made from steel plates. The steam is passed through 



Fio. 16.— Meyer-Smith Burner. 

the coil and the oil is contained in the heater itself, and this 
is found to give the best results. 

The patent burner holder and distributor is shown in 
Fig. 17, from which it will be seen that the control valve for 
each burner is situated in the chest opposite to its respective 
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burner, but this design is essentially for land installations, 
as it would have to be modified for locomotive requirements. 

The Meyer type liquid fuel burner is shown in section in 
Fig. 18. 

This system is a low-pressure system, the oil being supplied 
to the furnace at 30 to 70 pounds per square inch pressure. 

Other Pressure-Jet Systems. 

As already stated in the previous section, there are 
several makers of oil-burning apparatus which embodies 
all the details already described, and for which each maker 
has his own particular claims. There is nothing distinctive 
in any of them to call for special notice, and they have 
not yet been adapted to locomotive requirements except in 
an experimental way. Most of these systems depend on some 
form of air admission which is suitable only for stationary 
boilers, and average evaporation required can be deter- 
mined and depended upon very accurately. For instance, 
with a given furnace arrangement, size of chimney, tempera- 
ture of feed water, hot-air admission, and facilities for regu- 
lating the air and oil supply to a nicety, the percentage 
C0 2 in the flues and the temperature of the flue gases can 
be maintained with practically no variation. It is a very 
different case with locomotive duties, where the conditions 
are so variable and the range so wide that it is a highly 
technical problem to get the best average results. 

It does not follow, therefore, that because a system of 
burning liquid fuel has been quite successful on stationary 
boilers it will be equally satisfactory on locomotives. So 
far as the performance of the purely mechanical equipment 
is concerned, certain guarantees can be given, but the boiler 
efficiency is dependent on several factors entirely, or very 
largely, independent of the method of supply of oil. These 
factors, which have never yet been fully appreciated because 
with the steam-jet system they are incapable of mutual 
adjustment, are considered in their practical application in 
Section V., having in view the theoretical conditions set 
out in Section II. 
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Comparative Tests. 

The results or figures which aro obtainable of running 
trials or data as to consumption and cost over lengthy 
periods with liquid fuel, are of very little use for comparative 
purposes except for those deductions which may be made 
speculatively ; and yet it is one of the first details for which 
an engineer asks who is interested in a contemplated conver- 
sion from coal to oil burning. A little reflection will show 
that even on the same railway system trial conditions vary 
so greatly that it is not possible to depend with any degree 
of finality upon results so obtained. Given two locomo- 
tives of identical types, built by the same maker, equally 
fitted in all respects, and driven by the same men, it is well 
known that the steaming qualities and behaviour may be 
quite distinct for each case. Even when the average is 
taken over the same road, with regular loads and at corre- 
sponding periods of the year, the time allowed for safe com- 
parison should not be less than three months. It would 
not be at all profitable to the reader to devote much space 
here to the recital of records, but a few will be given for 
such information as they afford. As a matter of fact, 
results based upon costs do not come within the scope of 
this work, which is confined to the practical application of 
the principles involved for the one part and evaporative 
efficiency for the other. The question of cost is bound up 
with the cost of other fuels, as will be clear from the case of 
the Mexican Railway, with no coal, and oilfields on their 
routes, and the Great Eastern Railway, England, with cheap 
and abundant coal and no oil. Nevertheless the principles 
of burning liquid fuel are identical in both cases, although 
the economic question is quite another matter. 

The factors which prove so variable on all kinds of trials 
are such as — the direction and force of the wind ; the con- 
dition of the track, that is to say, greasy or dry rails ; curves 
and gradients ; stoppages ; the condition of the rolling stock ; 
the humidity of the atmosphere, etc. It is not necessary 
to trespass on the particular province of the locomotive 
engineer by emphasising the effects of these factors, which 
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are all fully recognised, but it may not be inopportune to 
say a word here as to the basis on which comparisons are 
made. 

The basis taken for all stationary boiler tests is that of 
the quantity of water evaporated per pound or per kilogram 
of fuel and the boiler efficiency as that of the ratio of heat 
units contained in the fuel to those utilised in effective evapo- 
ration. This is what all locomotive trials should be resolved 
into, but a basis much less stable, for the reasons just given, 
is usually preferred. This basis is that of either engine miles, 
train miles, or ton miles, and very often this basis is accepted 
without any proper regard to the time actually taken for 
the several journeys or the speed. In short, too many things 
are taken for granted and too little attention given to actual 
duty performed. At any rate, whatever other comparisons 
are made or may be necessary, the fundamentals of fuel 
consumed and water evaporated should not be lost sight of. 

It must be self-evident that the records of consumption 
per ton mile or per train mile, for example, form no basis 
of comparison between a railway with a practically level 
track, such as that of the Great Eastern Railway, England, 
and those of the Peruvian Railways, which rise 15,000 feet 
in 150 miles. Between these two extremes there is every 
variety of gradient and track. 

The following figures, however, may serve some useful 
purpose. 

On the Mexican Railway the coal and oil fuel position 
from 1910 to 1912 inclusive was as given in Table 10. 

The figures in this table deal only with the quantities of oil 
consumed per train kilometre, but no information is given 
as to whether the train kilometre in 1912, when oil only 
was used, represented heavier, lighter, or equal loads com- 
pared with those of 1910, when coal was employed. Assum- 
ing that the loads were equal, then the ratio of 61*91 pounds 
to 91*03 pounds shows no real saving in consumption, 
because Mexican oil has a calorific value of 18,600 B.Th.U. 
compared with coal of, say, 14,000 B.Th.U. 

This is probably accounted for by inefficient conditions of 
combustion, the class of burner used being the steam jet. 
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Table 10. — Oil Fuel ok Mexican Railway. 



Year. 


Weight of 

Fael in lbs. 

consumed 

per Train 

Kilometre. 


Percentage of FueL 




OiL 


CoaL 


1910: First half . 

Second half . 
1911 : First half . 

Second half . 
1912: First half . 

Second half . 


9108 
91*28 
86*41 
6609 
68*87 
61*91 


nil 

nil 
22 per cent. 
80 „ 
92 „ 
100 „ 


100 per cent. 
100 „ 

78 „ 

20 „ 

8 „ 
nil 



In Table 11 is given a summary of a series of trials on 
the Mexican Railway, between the steam-jet system and 
the pressure-jet system, under approximately equal condi- 
tions so far as the data goes. This record shows a marked 
superiority for the pressure-jet system. No reference is 
made to evaporative efficiency. 

Table 12 comprises a liquid fuel and coal test, giving the 
comparative consumptions between coal and oil, and also 
the economy in point of cost. This test was carried out on 
one of the railways in South America. 
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SECTION V 

description of burners ; firebox arrangements ; 

regulation of draught 

Burners. 

It is the intention in this section to consider the behaviour 
of the atomised oil within the furnace, and the extent to 
which the actual form of the flame affects the efficiency 
of combustion. Both steam-jet and pressure-jet burners 
have been described and illustrated, at least so far as 
appertains to the method of atomisation and the special 
claims to consideration which each embodies. For the 
moment, therefore, these special claims may be considered 
to stand quite apart from the point now about to be put 
forward, as in both cases the object is the same, namely, 
to break up the oil and introduce it into the furnace in the 
form best suited for attaining perfect combustion. In this 
respect both systems stand on common ground, the pros 
and contras for the adoption of either the one or the other 
being dependent on characteristics already compared, and 
which are beside the question of the nature of the flame 
inside the firebox. This statement, of course, is made with 
certain reservations — for example, the point of combustion 
of the oil atomised by the steam-jet is advanced further 
within the furnace than is the case under the pressure- 
jet system. Generally speaking, however, the lines to be 
followed in furnace arrangements or firebox adaptations are 
more or less equally applicable in each case. 

By reference to the illustrations of steam-jet burners it 
will be seen that the oil can be introduced practically in 
any form or shape desired ; that is to say, a burner can be 
so designed as togive a circular spray, a wide and flat spray, 
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or a spray in the form arranged in Holden's burner, in which 
seven distinct injections are made. The pressure-jet 
burner, on the other hand, is confined to the discharge of 
the oil from a central and round hole in the nozzle, in order 
to accomplish satisfactory atomisation. This is made more 
effective by imparting to the oil a revolving motion as it 
leaves the nozzle, by causing it to pass around a spiral, 
or through holes in a diaphragm, just prior to the point of 
discharge. This spiralled motion brings the particles of 
the oil into more intimate contact with the incoming air, 
and so assists combustion. 

Having thus described the manner in which oil can be 
injected into the furnace, it now remains to consider the 
actual form the atomised oil should take under varying 
conditions. 

By reference to the analogy insisted upon in Section II. 
between the burning of bituminous coal and the burning of 
oil, the first point upon which to be absolutely certain is 
that the oil flame entirely fills the space allotted for initial 
combustion, just as coal is laid evenly over and entirely 
covers the firebars. The ideal furnace arrangement in this 
respect for oil burning is undoubtedly that of the cylindrical 
type as employed in Lancashire, Galloway, or marine cylin- 
drical boilers. Such a furnace is illustrated in Fig. 19, 
which also shows the oil jet of conical form impinging upon 
the brick lining all around and entirely filling the area of 
the furnace tube. 

The second essential condition is that the air admission 
should be behind the flame, and that the air should have an 
equal pressure all around the nozzle of the burner, just as 
air is admitted below the firebars in coal firing with an equal 
pressure at all points of the fire-grate area. It must now 
be obvious that in order successfully to accomplish this 
air cannot be admitted at any irregular opening, nor at 
one side only or below the centre of combustion. In such 
a case the draught would pull from the direction of the air 
admission and cause the flame to be diverted. In any 
application of oil burning to locomotives the two conditions 
just enumerated must always be aimed at, and any claims 



Fig. 19.— Ideal Combustion Furnace. 



Fie. 20. — Combustion in Open Air. 
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which are made on behalf of any system which does not 
embody these conditions are not likely to be fulfilled. 

The writer is aware that this is striking something like a 
new note in respect of oil burning on locomotives, but it is 
the object herein to point out why the existing methods 
do not give results in any way commensurate with those 
readily obtained on stationary boilers. Hence it is necessary 
to start from ideal conditions, that is to say, conditions which 
embody all the theoretical requirements, and to evolve from 
them, if possible, the nearest practicable approximation. 
The difficulties which exist in the case of locomotives, and 
which have to be overcome, are the irregularities of duty, 
wide range of draught variations, and divers forms of fire- 
boxes. It is these which make the problems so distinct 
from most other types of boilers. 

An ideal furnace, therefore, is one in which the system 
is so arranged as to maintain perfect combustion from the 
minimum consumption of oil to the maximum, responding 
immediately, and as far as possible automatically, to every 
demand made upon it. 

The condition farthest removed from the ideal is when oil 
is burnt in the open air. If any ordinary oil-fuel burner is 
operated in the open air, the effect produced will be that 
shown in Fig. 20. The oil will burn with a white hot flame 
for a few feet from the nozzle, but before combustion can 
be completed the air cools the hydrocarbon gases, and the 
unconsumed portion passes away as dense black smoke. 
This is exactly what happens insL the firebox when cold 
air is admitted in excessive quantity, and the experiment 
clearly indicates the absolute necessity of keeping up a 
high temperature around the flame. It is with this object 
that brick arches and brick linings are indispensable in 
oil-fired fireboxes. 

Another departure from ideal conditions is when the oil 
spray is not sufficiently spread out to fill the firebox area. 
If the jet is thrown too far into the furnace through defective 
burner design, or if it is " drawn out " too much by excessive 
draught, considerable space will be left all around the flame, 
where no combustion is taking place. 

o.f.b. v 
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The space so formed allows the passage of free unconsumed 
air, at a low temperature, directly into and through the com- 
bustion chamber, having the effect of cooling the brickwork, 
gases, and heating surfaces of the boiler. This condition 
is represented in Fig. 21. This frequently occurs in loco- 
motive practice, and it has often puzzled enginemen to 
account for poor steaming qualities when the full capacity 
of oil has been turned on with the strongest draught going 
at the same time. Perfect combustion would appear to 
be indicated by the absence of smoke, but what really is 
taking place is the cooling effect of excessive air and the 
heated gases passing away to the outer air at a very high 
temperature. With coal firing it is almost impossible to 
pull too much air through the firebars and bed of coal 
without increased effective combustion, but it must not be 
forgotten that the resistance to the air draught in that case 
is enormously higher than with the light particles of oil. 
The reference above is to excessive air supply in contra- 
distinction to the exact quantity required for additional 
fuel consumption. With oil fuel, therefore, some means 
has to be provided for avoiding the effect shown in Fig. 21, 
and this, so far as it does not relate to defective burner 
design, will be treated under the heading " Regulation of 
Draught." 

A simple method of ascertaining the angle of throw of 
a pressure burner is to attach it to a hand pump and force 
water through it at about 200 pounds pressure. This will 
give an indication of the degree of atomisation and the angle 
at which the spray leaves the nozzle. An effective burner 
should spray at an angle between 70 degrees and 90 degrees ; 
a burner throwing the spray at 40 degrees or 50 degrees 
will concentrate the oil too much in the centre. Steam jets 
can only be effectively tested under working conditions. 

Fibbboxes. 

The following examples of locomotive fireboxes have been 
selected with the object of illustrating how far they comply 
with the conditions laid down for perfect combustion, and 
in what respects they are deficient. With regard to actual 



Fig. 21. — Defective CombuBtion. 
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performance, it is not possible to obtain dependable figures 
of boiler efficiency or pounds of water evaporated per pound 
of fuel over any considerable period. Records from several 
sources show 'an average of 11 to 1 for evaporation, which 
is not satisfactory in comparison with 16 to 1 (from and at 
212° F.) obtainable with stationary boilers. No doubt the 
form of brickwork and method of air admission are respon- 
sible to a much greater extent than is the type of atomiser 
employed. 

Fig. 22 is a section of the firebox arrangement of the oil- 
burning locomotives of the Mexican Railway. The burner, 
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FIREHOLE. 




Fig. 22. — Mexican Eailway Firebox. 

of the steam-jet type, is placed below the foundation ring, 
in the ashpan space, at the forward end. The extent of 
the brick lining is shown, the section at the back end being 
18 inches in thickness. A very noticeable feature is the 
entire absence of the usual arch, and there is no brick lining 
provided for protection of the firehole door. Air is admitted 
around the burner, and by supplementary air holes on both 
sides of but underneath the burner, and also by means of 
an opening at the bottom of the ashpan at the back end, 
which is controlled by the damper D. It will be observed that 
practically the whole of the heating surface of the firebox has 
been retained with the exception of the small portion at 
the back end and sides. 

f2 
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The whole of the firebox forms the combustion chamber, 
but combustion is effected principally at the back end, the 
steam jet dispersing the oil in a widening flame from the 
nozzle to the solid brickwork marked B. The firebox is 
an exceptionally long one, being 9 feet between the inside 
plates. Hence the completion of combustion, which always 
occurs well forward with steam-jet burners, takes place at a 
considerable distance from the nozzle, and the brickwork is 
raised sufficiently high at that point to prevent direct 
impingement of flame on the metal plates. It is at that 
point where supplementary air is admitted from below to 
complete the combustion, but the air enters at the tempe- 
rature of the atmosphere only. The air which is admitted 
at the burner end becomes heated by contact with the hot 
brickwork around the burner, but this chamber is only 
9 inches in length. 

The points which call for comment are as follows : — 

The direction of draught is from the air openings towards 
the smoke tubes, indicated by the bent arrow, and in this 
case, owing to the absence of an arch, it is a direct pull. It 
would appear, therefore, that the flame cannot possibly fill 
the whole of the combustion area, that it must double back 
upon itself, striking, not upwards, but in a direct line for the 
smoke tubes. A very large proportion of the firebox heating 
surfaces, such as the side plates and nearly the whole of the 
crown plate, gets no direct impact of the flame, and for that 
reason cannot be effective for steam-raising. Turning to 
the method of air admission, unless the flame fills the entire 
lower portion of the ashpan, which it cannot possibly do, a 
considerable quantity of excess cold air must be admitted, 
which serves no useful purpose, but which, on the contrary, 
must have a cooling effect on the heating surfaces and on the 
gases of combustion as they pass away from the back end to 
the smoke tubes. In any case there is the objection that air 
does not surround the flame, the top part being without any 
effective air supply. 

The arrangement, therefore, does not appear to be one 
from which good evaporative results are to be expected. 
Oil on this system is very plentiful and very cheap, and the 
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results obtained from a calorific point of view do not seem 
to be better tban those obtained with coal. (See Table 10.) 
The Secretary of the Mexican Railway, Mr. B. E. Holloway, 
in his paper on " The Use of Oil Fuel on Railways," 
referring to the firebox arrangements just described, says 
" there are many types of burner on the market, all no 
doubt having their special merits, but I think it may be 
safely stated that successful firing does not depend so much 
on the burner itself as the manner in which it is used. What 




Fio. 23. — Baldwin Locomotive Company's Firebox. 

appears to be the chief necessity is that the burner should 
be simple, fitted in such a manner that the proper propor- 
tions of steam and oil can be used, and that the fireman 
shall keep a constant watch on his steam gauge and smoke 
stack." {See The Railway News, 4th January, 1913.) 

Mr. Holloway makes no reference to the firebox conditions, 
but lays emphasis on the manipulation of the burner only. 
The deduction to be drawn is that the burner may be for 
its class entirely satisfactory, but that the manipulation 
referred to is not so much that of the burner as the en- 
deavour on the part of the fireman to adapt a number of 
conflicting conditions which vary, one or all of them, from 
moment to moment. 
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The fireboxes of the Southern Pacific Railway, U.S.A., 
are arranged in a manner almost identical with those of the 
Mexican Railway. 

Fig. 23 shows the firebox arrangement of the Baldwin 
Locomotive Company, U.S.A. It differs from the preceding 
case in one or two important details. The burner, which is 
of the flat-flame type, is placed at the back end of the fire- 
box ; another flame is directed towards the tube sheet. 
The brickwork, however, includes the usual arch at the 
forward end, and the space so enclosed forms the combus- 
tion chamber. Air is admitted around the burner, and also 
through two rectangular openings, 12 inches by 8 inches, 
controlled by dampers. A very considerable area of the 
lower portion of the water space is blocked out by brick 
linings, but the direction of draught is deflected by the 
arch, and this will have the effect of throwing the flame 
against the exposed parts of the side and crown plates 
before it passes through to the smoke tubes. 

The air in entering around the burner is considerably 
heated, and in being drawn upwards by the draught it 
passes over the heated face of the back brick lining, thereby 
itself reaching a high temperature, ultimately meeting the 
flame as it passes over the edge of the arch. The arrange- 
ment is altogether superior to that depicted in Fig. 22, and 
the liability to the excessive air admission is very much 
lessened. The size of the firebox inside is 5 feet 6 inches 
long by 2 feet 10 inches wide, including the brick lining. 

The burner used is designed with a flat and wide hori- 
zontal lip, in order to spread the flame almost entirely over 
the bottom of the ashpan, thus reproducing as nearly as 
possible the conditions obtaining under coal firing. (See 
Fig. 1.) The width of the burner lip is determined by allow- 
ing 1 inch for every 100 square inches of cylinder area. 

The difference between the effect of the flat form of oil 
injection and that of the circular or conical spray will be 
apparent by comparing Fig. 24 with Fig. 19. 

Fig. 25 illustrates the firebox in use on the Los Angeles 
and Tehuantepec Railways, U.S.A. The steam-jet burner 
is placed at the back end as in Fig. 23, but there is no pro- 



Fig. 24.— Flat Form of Oil Flame. 
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tective brick lining against the plate at that end and there- 
fore nothing to warm up the cold air which enters around 
the burner. The arch is much heavier, and brought further 
back into the firebox, leaving a space between its wall and 
the front tube plate. Such an arrangement is only possible 
with very long fireboxes, and is interesting as a tacit admis- 
sion that the theoretical value of the fuel has not yet been 
obtained on locomotives. This particular type possesses 
the disadvantages of the two others just described as regards 
liability to air leakage past the combustion chamber. It 
really seems in some cases to be an open invitation for excess 



Pro. 25. — Firebox of Lob Angeles and Tehnantepec Eailways. 

air to enter, just as if several holes were left purposely open 
in the bed of a coal-fired engine. The analogy between 
these two forms of firing may now be more clearly seen 
and appreciated. Differences in brickwork arrangements, 
methods of air admission, position of burners, etc., may 
each produce certain modifications tending to improve com- 
bustion, but relatively to the main object they are only 
compromises. Indeed, it is an open question whether the 
steam-jet system does not necessitate such conditions for 
combustion that complete compliance therewith is impos- 
sible within a locomotive firebox. 

In the system devised by Mr. H olden, of the Great Eastern 
Railway, England, the ideal conditions of burning oil fuel by 
means of the steam atomiser were very nearly attained. 
But this was because his system was one for combined coal 
and oil firing, and not for oil firing only. He laid it down as 
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a sine qua non that the use of oil fuel should in no way require 
modifications to the interior of the firebox, which would 
prevent an immediate return to coal firing if required ; in 
other words, coal firing was the first consideration and oil 
only supplementary to it. In thus combining the two in 
the firebox arrangement shown in Fig. 3 he was able to reduce 
the thickness of his coal on the firebars, thus reducing the 
resistance to the passage of air through it, in fact allowing 
sufficient excess air to pass freely through to consume the 
oil. The air is thus introduced evenly over the entire grate 
area ; its regulation is more accurately adjustable, and by 
the retention of the arch and air deflector above the firehole 
the proved conditions of efficiency are not altered in any 
way. As an oil-burning system, however, it cannot be con- 
sidered on independent merits, but as a preventative of 
cold and excessive air admission the combination should 
give higher results in relation to the number of heat units 
liberated than either coal or oil used separately. 

Following the foregoing lines, experiments have been 
made by retaining the firebars and covering them with 
broken bricks to a depth of some inches, in order to produce 
a similar air admission effect as through a bed of live coal. 
The effect, however, is not the same, as the bricks melt 
together and tend to the formation of carbon deposit. 

The use of the air deflector arch over the firehole in coal- 
fired locomotives provides a very strong example of the 
absolute necessity of preventing cold or excess air from being 
drawn into the firebox without doing useful work. It is 
another detail which, if applied with logical inference, proves 
the necessity of following the lines of successful coal burning. 

The application of the pressure-jet system to locomotives 
has not yet had any very extended trial. The results given 
in Table 11 appear to be due to the higher heating effect of 
the oil when steam is absent and the earlier combustion in 
the firebox. So far as excess air is concerned, the liability 
is much the same as with the steam-jet system, where the 
firebox arrangements are practically identical. For the 
reasons already given, it is more applicable to small fireboxes, 
but the apparatus involved might not be easy to dispose in 
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a very limited space. In Pigs. 13 and 13a an arrangement of 
firebox and dampers is shown on the Wallsend-Howden 
system. The air is admitted below the area of combustion 
and is regulated by the dampers shown. The air admission 
holes are circular, about 2 inches internal diameter, and 
they break up the air into a number of jets instead of intro- 
ducing it in a solid gust. These air holes get very hot and 
the broken air is thus effectively heated in its passage. The 
best results have been obtained with the Wallsend-Howden 




Pig. 26. — Wallsend-Howden Side Damper Arrangement. 

system when the air admission has been arranged at each 
side of the ashpan in the centre and immediately below the 
foundation ring. The end dampers and air admission holes 
in the bottom of the ashpan have thus been superseded and 
better regulation and less excess air have been found to result. 
The damper arrangement is shown in Pig. 26. 

Fig. 27 shows the firebox of some of the heavy type pas- 
senger locomotives on the Central Railway, Brazil. These 
fireboxes are of large dimensions, being 7 feet in length 
and 6 feet in width inside. They are furnished with two 
fireholes for coal firing, and the oil-burning fixtures include 
five burners, three being placed at the front end and two at 
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the back. The arch, which is represented by dotted lines 
in the end elevation, is of too wide a span, both from the 
points of view of maintenance and combustion. In such 
exceptional cases it would be better to build two arches with 
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a division wall between in place of one of 6 feet span. The 

usual air admission and damper arrangements are employed. 

Some extended experiments are about to be made with a 

new design of firebox brickwork and air admission devised 
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by the writer and illustrated in Figs. 28 and 29. These modi- 
fications have been made for use more especially with the 
pressure-jet system, but the principles embodied would also 
apply to the steam-jet system, provided a steam-jet atomiser 
could be designed to produce a flame in the form shown in 
Fig. 19. The point of maximum combustion with the 
steam-jet atomiser is usually so far delayed that the object 
of the special form of arch might be frustrated. 

Fig. 28 shows an ordinary type of firebox, into which is 
built a cylindrical, or nearly cylindrical, chamber of firebrick. 
About 9 inches from the face of the front sheet is built a 
firebrick waU, 4 J inches in thickness, and extending over the 
whole of the sectional area of the brick tube. The space thus 
formed between the wall and the front sheet acts as an air 
chamber, cold air being admitted by the ashpan damper in 
the usual way, but through a perforated metal plate at the 
base. 

The burner or burners are introduced through the water 
space and air chamber to a point just flush with the inside 
face of the wall. No air is admitted around the burners 
where they pass through the water space, but in the wall 
openings are made by means of cast-iron frames, circular and 
concentric with each burner and rectangular with all of 
them. 

The form of the cylindrical chamber or modified form of 
arch takes the form of the oil spray, and the avoidance of 
flat brickwork and right-angled corners prevents the possi- 
bility of the passage of unconsumed and cold air. Briefly, 
this arrangement may be described as introducing into the 
locomotive firebox the cylindrical furnace of the Lancashire 
type boiler. The length of the cylinder or parallel arch need 
not be more than 4 feet from the front sheet to the brick 
corbel, and within that distance perfect combustion will take 
place with the pressure-jet system. The actual size and 
area of the brick tube can be designed to suit the capacity of 
the locomotive. 

The great advantage of this design is that the wall becomes 
white hot, and the air enters the furnace at a very high 
temperature. 
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Further, it enters on every side of the oil spray, and 
follows more nearly than any other form of air admission the 
conditions of coal firing. 

With the pressure system and the early ignition of the 
gases there is no necessity to introduce supplementary air at 
a later point in the combustion chamber, as perfect combus- 
tion takes place at once. Any excess air which may be 
carried forward remains at the temperature of the furnace, 
and therefore has no cooling effect on the side and crown 
plates, smoke tubes, or products of combustion. The tem- 
perature of the furnace is therefore maintained and higher 
efficiency results. 

With the foregoing arrangement some small percentage 
of the heating surface in the firebox has to be sacrificed, and 
in order to avoid the effect known as " cold feet " the portion 
of the water space in the front plate covered by the air 
chamber must be lagged inside with thin fireclay slabs or 
asbestos. In the portions of the brick lining outside the 
cylinder, spaces may be left by omitting alternate bricks 
known as honey-combing, so as to retain as much as possible 
of that heating surface. The floor of the ashpan is left in 
the form of an arc, and not entirely flat. 

The direction of the draught will cause the flames to 
impinge oil all plates, the object of the corbel extension being 
to throw the flames against the crown plate. The form of 
the area above the cylindrical tube will ensure a more even 
distribution of the heat through the smoke tubes, and as 
there is no possibility of cold air being drawn in, the liability 
to leaky tubes disappears. 

Fig. 29 is a modified arrangement of Fig. 28, the wall 
forming the air chamber being omitted. In its place the air 
is conducted up each side of the brick tube, and a portion has 
to be taken from outside through the ferrules surround- 
ing the burners. This type, therefore, is not so good as the 
other, but in very short fireboxes it might be a more con- 
venient form than the one in which the wall is employed. 

In both these cases it will be noticed that the cylindrical 
tube and burners are at the forward end only. This is the 
only possible position to ensure effective heating of all the 
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surfaces. The same arrangement placed at the back end 
would result in the heat of combustion being drawn directly 
into the smoke tubes without any appreciable effect on the 
firebox heating surfaces. 

Another reason for the position selected is the effect of 
retardation of the velocity of the gases of combustion, due 
to the greater length they have to travel, and also due to the 
considerable expansion they undergo on issuing from the 
cylindrical tube. 

It is not proposed to publish results here as to the efficiency 
of this particular device, because for obvious reasons the 
types and conditions of locomotives vary so widely, but the 
writer will be glad to give any further information by corre- 
spondence to those interested. 

Draught Regulation. 

While in the majority of firebox adaptations to burn liquid 
fuel the knowledge and experience gained with successful 
coal firing has been largely overlooked, the original methods 
of draught regulation have been retained with equally 
unsatisfactory results. A cursory examination of the 
illustrations of firebox arrangements given earlier in this 
section will show that the primitive ashpan damper has been 
retained in its unaltered form and position. The method of 
operating the damper is that of a simple lever connected by 
a rod to a hand lever in the cab, the hand lever being pro- 
vided with three or four notches for engagement with a hold- 
ing catch. (See Fig. 22.) The effect of opening the damper 
is therefore to expose a very considerable area for air admis- 
sion which is not greatly affected by the differences.in the 
adjustments provided. Under the most intelligent opera- 
tion by the fireman the arrangement falls short of effective 
regulation of air supply in the case of oil fuel, but answers 
well enough for coal firing. This is especially the case when 
it is compared with the accurate regulation possible and 
necessary with the air distributors on stationary boiler 
installations. This is due to the fact that the smallest 
opening of the locomotive damper exposes the whole area 
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of air admission and adds the area of the sides formed by 
the angle of the damper plate. In the first place, therefore, 
the damper plate should be covered in at the sides and the 
lever controlling the damper should have a wide movement 
for a comparatively small movement of the damper. 

This might of course be accomplished by means of a screw 
movement of the lever in the cab, but there may be objec- 
tions to such an arrangement. At any rate, it should be 
made impossible for the fireman to swing the damper wide 
open in place of attempting proper adjustment of it. The 
suggestion to box in the damper plate at the sides is to pre- 
sent a regular rectangular opening at each point of adjust- 
ment and if possible to graduate it at the lever end for certain 
definite duties. Up to the present this question of damper 
control has been left to the locomotive engineer to fix up in 
any convenient mechanical manner, but in view of the vital 
importance of air admission regulation on stationary boilers, 
and its even more serious aspect on locomotive oil-burning 
installations, the control must be in the nature of some 
device which will practically obviate excessive air admission 
by the fireman. What is wanted is a positive control which 
will leave the damper plate at any angle or point, and this 
can best be effected by a screw movement. A screw move- 
ment control would also have the advantage of being able 
to close the damper tightly, a desideratum not characteristic 
of the usual method. Greater efficiency would thus result 
if some such approximation to stationary boiler practice 
could be introduced. 

As draught is caused by the discharge of exhaust steam 
into the chimney, it follows that every variation of velocity 
or quantity of exhaust steam produces a corresponding 
variation in the degree of vacuum created in the firebox. 
This irregularity of draught production does not always 
coincide with the necessity for increased or decreased com- 
bustion, as the case may be, nor are the variations propor- 
tionate to the quantity of air required at the moment. 
Within certain limits, however, dependent upon the relation 
between the exhaust nozzle, smokebox conditions and its 
cubical capacity, number and arrangement of ashpan 
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dampers, etc., the rate of combustion is mainly dependent 
upon the exhaust steam effect. It is therefore a short step 
to the natural deduction that the correct method of regu- 
lating the draught should be by regulating the cause of it. 
It was stated in Section II. that the intensity of draught 
required for oil burning, or in other words the degree of 
vacuum in the firebox, is only about one-fifth of that neces- 
sary with coal, because the chief resistance to draught in 
coal firing is the thickness of the bed of coal on the firebars 
and the small interstices through which air has to pass. On 
the other hand, it requires about 24 pounds of air to burn 
1 pound of oil as compared with about 18 pounds of air for 
1 pound of coal, so that while the resistance to the passage 
of air is much less with oil the quantity required is greater 
weight for weight. 

Without pressing the argument further, it may be assumed 
that one-quarter to one-third of the firebox vacuum neces- 
sary with coal will suffice for oil, and conversely from three 
to four times too much air for oil will be pulled through the 
firebox if the conditions for coal binning are left unchanged. 
The determining factor of this draught production is the 
diameter and position of the exhaust nozzle in the smokebox. 

With regard to the diameter, the exhaust nozzle in engines 
having cylinders of 16 inches diameter and upwards will be 
between 4£ inches and 5£ inches. This diameter can there- 
fore be at once increased by 1 inch or more until it is deter- 
mined experimentally with what lowest vacuum effect com- 
bustion can be maintained. 

The position of the blast pipe may vary from the bottom 
row of tubes up to the chimney base, but for oil burning, in 
which the gases have to be retarded, the correct position 
should be that in which equal heating effect will be induced 
in all the tubes. Beyond these indications of the essential 
alterations necessary with oil fuel, it is not proposed to go. 
Each case will require different treatment as regards detailed 
adjustments, and, after all, the locomotive must be accepted 
as it stands. The primary feature is the absolute necessity 
of reducing the vacuum created in the firebox. 

The extent of the reduction having been determined, the 

o.f.e. G 
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proper and most efficient method of regulating the influx of 
air is by varying the mean diameter of the exhaust nozzle 
more or less as required. It is obvious that, if the chimney 
outlet were entirely closed, the fact of the ashpan damper 
being more or less open would have no effect on the combus- 
tion chamber, as no air would pass. Similarly, if the entire 
regulation of draught were attempted by means of the ash- 
pan damper only, fine adjustments would be quite impos- 
sible, because the vacuum in the firebox would cause excess 
air to be drawn through. The remedy therefore is the use 
of a variable exhaust nozzle, so designed as to be under rapid 
control by the enginemen, and used by them for draught 
regulation under all variations of load, in preference to in- 
effective regulation by the damper. The damper should 
also be capable of accurate adjustment as described, but its 
fixed position will be determined from time to time in accord- 
ance with the limits of operation of the variable blast. Both 
methods of regulation are necessary, but the variable regula- 
tion from minute to minute as the load varies should be 
effected solely by nozzle control. 

The types and designs of variable exhaust nozzles are 
legion, but it is doubtful if the subject has been carefully 
studied from the oil fuel standpoint. Emphasis has always 
been laid upon damper control, which is the most inefficient 
method, because it deals with the wrong end of the process. 
The object is to get rid of the expanded gases of combustion 
as they are formed and at the rate at which they are 
formed. The admission of the right quantity of air to con- 
tinue combustion then becomes automatic, as there is no 
resistance to its entry into the firebox. A very little induc- 
tive effect from the exhaust nozzle will bring about a perfect 
rate of discharge from the smokebox, and that is where the 
regulation must take place. It is hardly permissible to call 
the chimney a smokebox detail, but as ample discharge 
space from the tubes is essential, not only should the smoke- 
box be of large capacity but the diameter of the chimney 
should be considerably increased. Retardation of flow of 
the gases of combustion must not be confused with back 
pressure, which prevents combustion. 
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The foregoing points may be summarised as follows, viz. :— 

1. Main draught regulation by means of variable exhaust 
nozzle. 

2. Auxiliary draught regulation by means of damper 
accurately adjustable. 

3. As large a smokebox capacity as possible. 

4. Position of blast pipe to give equal distribution of gases 
in all tubes. 

5. Enlargement of chimney diameter to give double sec- 
tional area, where possible. 

6. Use of cap on chimney to save loss of heat when running 
on down grade or standing. 

In following the reasons just given for utilising to the 
utmost extent possible the whole of the firebox, smoke-tube, 
and smokebox areas it must not be forgotten that in addi- 
tion to the air introduced for combustion there are the gases 
generated from the oil. These take up a much larger area 
with oil burning than with coal, and air also expands greatly 
when heated. The increase in volume of air by elevation of 
temperature may be determined by the following formula : — 

Given temperature + 461 
62 + 461 

where the initial temperature of the air is 62° F. 

The increase in the diameter of the exhaust nozzle, and 
possibly in the blast pipe if not large enough at the aperture, 
with the consequent greater freedom of discharge of the 
exhaust steam, results in a freer movement of the locomotive 
and more power, as every pound of back pressure saved is 
equivalent to 1 pound added to the pressure of steam in the 
boiler. 

Regulation of Oil Supply to Furnace. 

In the steam-jet system the regulation of oil supply is 
usually effected by means of a valve or valves on the burner, 
the operation of which increases or decreases the opening 
through which the oil and steam respectively pass. The 
maximum economic capacity, or effective atomisation limit, 

G2 
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per burner is about 600 pounds of oil per hour, and therefore 
any greater quantity necessitates more than one burner. 

In the pressure- jet system the same method of regulation 
is adopted, but there is no steam valve. The oil capacity 
per burner should not exceed 450 pounds per hour, and hence 
two or more burners must be employed for a higher con- 
sumption. 

In actual operation the admission of the exact quantity of 
oil or oil and steam is a matter of experience, and follows 
much the same method as the dual regulation of air and 
petrol in automobile control. In a short time the engineman 
will know intuitively just what proportions and quantities 
are necessary. 

In the Wallsend-Howden system the capacities of each 
burner can be accurately determined by the size of diaphragm 
and nozzle used, and this arrangement tends to economy in 
oil, because as each burner is opened up or shut down a fixed 
quantity of oil per hour is passed. Hence the control is 
mainly mechanical and obviates irregular adjustment by the 
operator. The list of oil capacities for various sizes of 
diaphragms and nozzles is given in Table 9. 

The method lends itself also to better draught regulation, 
as the adjustment of one main factor is much more simple 
and satisfactory than where three or four interdependent 
factors are concerned. 



SECTION VI 

EVAPORATIVE CAPACITY AND HEATING SURFACE 

It is an axiom that the capacity of a locomotive depends 
upon its firebox. It is therefore most essential that in any 
arrangement of firebox brick linings, which are absolutely 
necessary for the proper combustion of oil fuel, as much of 
the heating surface as possible should be exposed to the 
flames. A great deal of the extra heating effect of oil fuel 
will be lost if the area of the heating surface exposed to the 
fire is much less than with coal firing. In calculating 
exactly what the heating surface is with coal it is of course 
necessary to take into account that the portion of the front 
plate below the arch does not receive much radiant heat and 
practically no impact. Also this is the case of a consider- 
able area all round the firebars, which are loaded up with 
8 or 9 inches of coal more or less dead at the sides. Hence 
some calculation can be made in the cases of those illustra- 
tions of oil-burning fireboxes given in the preceding section 
of lost effective heating surface compared with the condi- 
tions under coal firing. 

In an interesting article on the subject of evaporative 
capacity of a locomotive the Locomotive Magazine says : 

" The evaporative power of a boiler mainly depends upon 
the efficiency of its heating surface to transfer the heat from 
the products of combustion within to the water without. 
For this it relies on both radiation and contact, from two or 
three hot masses in the boiler, solid incandescent fuel in the 
firebox, and flame and hot gases in the tubes. The radia- 
tion of heat from the solid fuel is greater than that from the 
flame, while the hot transparent gases scarcely radiate any 
heat at all. 

" In estimating the heating surface it is customary to take 
the area of the firebox and tubes in contact with^heat on one 
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side and water on the other, and consider the evaporative 
power of the boiler as proportionate to the total number of 
square feet thus found. As all the parts of the heating sur- 
face, however, do not possess the same efficiency, the heating 
surface of the firebox being much more effective than that of 
the tubes, the result so obtained is misleading in practice ; 
adding length to the tubes does not increase the evaporative 
efficiency of the boiler nearly so much as increasing the size 
of the firebox. 

" A flat horizontal surface not too far above the fire is con- 
sidered most favourable, and by being made concave to the 
fire it has the further advantage of being better able to 
receive and transmit the radiant heat, of boiling off the 
matters deposited from the water, and so to some extent 
preventing formation of scale, and of being stronger and 
more durable. Next in conductive power come the flat 
sides of the box, which are made sloping, as they then receive 
the rays of heat at a more favourable angle, and allow the 
steam bubbles to escape more freely ; they also increase the 
size of the water space and admit of the use of longer stays 
at the top of the box where most expansion takes place. 
The tube plate, although made vertical, owing to the rapid 
impingement of the flame is as effective as the crown, which 
is too often hampered by the stays, etc. 

" The great superiority of firebox heating surface is owing 
to the radiant heat being principally given off there, also to 
the fact that the more violently the flame impinges on a 
surface the greater the ebullition and consequent formation 
of steam on the opposite side of that surface. 

" The effective area of tubes internally heated is only half 
their total area, as heat is mostly given off at the upper sur- 
face of the tube, owing to the fact that hot gases being light 
rise, then on giving off their heat they fall and are replaced 
by hotter ones ; also by the difficulty steam has in escaping fc 

from the under side of a tube, and the thickness of soot that ' 

too often collects inside the tube at the bottom." 

The statement that the radiation of heat from the solid 
fuel is greater than that from the flame applies to incan- 
descent solid coal, but it must not be assumed from this that 
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oil fuel does not provide solid incandescent fuel; the 
solidity of a particle of atomised oil is not a very substantial 
thing, but nevertheless its incandescence is equally or even 
more effective. The oil flame is that part which results from 
incandescent fuel, and the hot transparent gases are of the 
same order as those from coal combustion. As a matter of 
fact the want of solidity in oil fuel is a point in its favour, 
because the incandescent particles are carried towards and 
impinge upon the heating surface more freely. It is in order 
to retain and direct forward the incandescent particles that 
refractory brick lining is employed. 

A good rule for determining the heating surface of a loco- 
motive boiler is to multiply the length in feet from the 
smokebox tube plate to the back of the firebox by the dia- 
meter of the boiler in feet squared across the front tube plate 
and take 92 per cent, of the result. This gives the heating 
surface in square feet. For instance, if the boiler and fire- 
box have a length of 21 feet and a tube plate diameter of 
5 feet, then (5 feet) 2 X 21 = 525 square feet, and 92 per cent, 
gives 483 square feet effective heating surface. 

In order to ascertain the quantity of oil required per hour 
for a given heating surface, the following formula should be 
employed, viz. : — 

Heating surface in square feet X 16 

2-2 x 14 " 

This gives the quantity of oil per hour for normal evapora- 
tion, but in cases or at times where cold feed waters are 
rapidly injected while the engine is running under normal 
load the normal quantity will have to be exceeded to main- 
tain steam pressure. 

Poor evaporation may result from several causes quite 
outside the question of fuel efficiency, but these are common 
with coal firing and need not be enumerated here. The 
first necessity is impingement of the incandescent particles 
on the firebox heating surfaces, and this can only be effected 
in the manner described in the preceding section by the 
correct form of firebox brickwork, the proper regulation of . 
the draught, and the right type of burner. 
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Disposition of the Apparatus fob the Pressure- 
Jet System. 

In considering this matter reference should be made to 
Fig. 14, which is typical of any pressure-jet system so far as 
the arrangement and connection of the several parts are 
concerned. The first consideration is that of the burners. 

The Burners must obviously be located at that part of the 
furnace which will give the full heating effect on the heating 
surface of the firebox. This position can only be at the 
forward end for reasons already described. In that position 
it will follow the methods adopted in coal firing and retain 
all the advantages gained from coal firing experience. One 




One Burner Two Burners * Three Burners 

Fig. 30.— Position of Burners. 

or more burners may be employed according to capacity and 
regulation required, and these should be placed as nearly 
as possible in the centre of the area formed by the arch, 
sides, and bottom. Fig. 30 shows positions for one, two, or 
three burners respectively, and in cases where more than 
three are required the fireboxes will usually be wide enough 
to accommodate them. 

On the inside of the firebox the nozzles of the burners 
nearest to the side walls or bottom brickwork should be at 
least 9 inches distant from either side of the brick lining and 
10 inches from the firebrick floor measured from the centre 
of the nozzle. The reason for this spacing is that with a 
burner having an effective angle of spray of 70 degrees, the 
oil must not be allowed to strike the brickwork until after it 
is well alight. The striking distance should therefore never 
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be less than 15 inches and < 

never much more. A % 

divergence from these I- 

conditions will result first 

in the formation of a 

deposit of carbon if the 

burners are too close to 

the walls or bottom, and 

secondly in inefficient 

combustion if the striking 

distance is too long. 

The nozzles o f ' t h e 
burners should be about jj 

| to I inch back from the ^ 

face of the firebrick wall h 

in which they enter, so as J 

to be slightly withdrawn g 

from the fire area. "* 

The Oil-Fud Pump « 

should he placed either on °° 

the cab or on the tender, i'i 

but in any case as near the \\ 

oil tank as possible, in ^ 

order that the oil may - 

enter the pump without $ 

loss of temperature. For S 

efficient working of the 
pump valves the oil should 
be raised to about 120° F., 
but not higher. A good 
method of maintaining 
this temperature constant 
is by passing the exhaust 
steam from the pump 
around the oil supply 
pipe from the tank just 
before it reaches the pump. 
The method of doingjthis 
by concentric piping is shown in Fig. 31. The pipe from 
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the oil tank discharge valve to this supplementary heater 
should not be less than 2 inches in diameter. 

In the pressure-jet system a good deal of regulation of the 
quantity of oil required can be efficiently and conveniently 
effected by means of the pump. The pressure at which the 
oil is passed through the burner can be varied between 
50 and 200 pounds per square inch according to the steam 
admitted to the pump, and this variation will be reproduced 
in the quantity of oil injected. The pump should be readily 
accessible at every point for repairing, lubricating, and 
cleaning. It should also be placed in such a position as not 
to be subject to cold draught caused by the locomotive or by 
wind. 

The Oil Heater may be suspended from beneath the cover 
of the cab immediately above the locomotive regulator, 
especially in cold climates. If there is not sufficient room 
to place it in the cab, it may be placed on the foot-plate just 
outside, but it should then be completely enclosed in a casing 
packed with asbestos. This casing and packing is necessary 
in addition to the lagging supplied with the heater around 
the steam or oil portion. As the oil passes through the 
heater very slowly, any exposure of the heated surface causes 
considerable radiation. Loss of oil temperature would 
result if this additional protective casing and lagging were 
not provided. 

If the heater is placed on the foot-plate it should be raised 
by supports about a foot in order to give access to the drain 
valve. Due regard must also be had for accessibility. 

The Discharge Filter should be placed in a position of ready 
access for the removal of the filter bags for cleaning. As the 
heated oil must pass through the filter it should not be placed 
in any position subject to draughts of cold air. 

Other parts of the apparatus sh ould be so disposed as to give 
freedom for operation, inspection and repairs. All pipes and 
exposed oil or steam surfaces should be well lagged, with the 
following exceptions : — (a) the oil drain pipes from the dis- 
charge filter ; (6) the overflow pipe from the pressure relief 
valve on the pump to the suction side of the pump or oil tank ; 
and (c) the oil-circulating pipe from the control or distribu- 
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tion valve box of the burners to the suction side of the pump 
or tank. These should be left untagged, as the oil in return- 
ing to the pump may become too hot, and the pump will not 
work well with oil at a temperature over 140° F. The con- 
trol or distributing valve boxes for oil supply to burners 
should be fixed at a height of 3 to 4 feet above the foot- 
plate in the cab and right above or at the side of the firehole. 
A general arrangement of all these fittings on a locomotive 
cab is illustrated in Fig. 32. 

Other Parts of the Equipment. 

The other parts of the equipment which call for some 
notice are the Tanks ; Pipes leading from the tanks to the 
pump, etc. ; and Firebricks. 

It is obviously not possible to make any rigid regulations 
in these respects owing to the diversity of conditions. A few 
general points, however, may be observed. 

Oil Tanks on Tenders. — The size and arrangement of 
oil tanks on tenders will of course vary according to the space 
at disposal. Space for space compared with coal the capa- 
city can usually be very considerably increased, or alterna- 
tively the water space can be augmented. The calorific 
value of oil being about 40 per cent, higher weight for 
weight, and the ratios in weight of coal and oil per cubic foot 
being 50 pounds and 59 pounds respectively, taking the 
specific gravity of oil at 0*950, it follows that about 58 per 
cent, more fuel capacity can be secured with oil. This 
increase may be considerably added to by constructing the 
oil tank higher than would be possible to carry coal. 

On some systems cylindrical oil tanks are preferred to 
rectangular ones, and an illustration is given in Fig. 33 of 
such construction in use on the San Paulo Railway, Brazil, 
where two tanks of the dimensions shown are placed side by 
side on the tender and coupled by means of a pipe beneath. 

The design and dimensions of oil tanks will follow those 
for water, with the following modifications : — 

1. All Seams and joints should preferably be welded by 
the oxy-acetylene welding process in place of riveting. A 
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riveted tank may be made perfectly water-tight and remain 
bo for containing water, but when used for oil will show 
most incredible leakage, which is very difficult to stop by 
caulking or otherwise. The oxy-acetylene process abso- 
lutely ensures oil-tight joints, with the satisfaction of know- 
ing that they will remain tight. It is not good policy to 
weld riveted joints, because in so doing the rivets will 
" spring " and leakage be inevitable. 
2. The Opening for filling the tank should be covered by a 
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Fig. 33.— Cylindrical Oil Tank. 

hinged door, mechanically fitted, and oil-tight. This should 
be clamped down by swing bolts having a lever nut. 

3. The Tank should contain heating coils or convolutions 
of piping, of from § inch to 1 J inches diameter, for the pas- 
sage of steam to heat the oil when the viscosity is too high or 
when the oil becomes thick in cold weather. The smaller 
diameter of pipe is large enough for live steam, but the larger 
must be used if exhaust steam from the oil pump is passed 
through. In the former case the rule is 1 square foot of pipe 
area for each ton of oil, or 2 square feet if exhaust steam is 
used. It is not desirable to pass exhaust steam continu- 
ously through the heating coil, and therefore this should only 
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form a bye-pass to the usual exhaust. In Table 13 is given 
the superficial area of tubes in square feet per foot run. The 
heating coils should be placed as near as possible, without 
actual contact, to the bottom of the tank. 

4. The Discharge Pipe must not be less than 2\ inches 
internal diameter, and should enter the tank from 4 to 6 
inches, so that any water which the oil may contain will not 
be drawn off with the oil. This water can be discharged by 
means of a small valve at the lowest point of the tank. Over 
this discharge pipe it is desirable that a strainer mesh plate 
be fitted, of sufficiently large dimension to allow of free 
passage of oil, with a mesh of about 1 sq. mm. holes. This 
plate or covering must be removable to enable it to be 
cleaned. Immediately beneath the point of entry of the 
discharge pipe a full through- way stop valve should be fitted. 

Table 13. — Superficial Area of Tubes in Square 

Feet per Foot Run. 



External 
Diameter. 



* 

I 
1 

1* 
If 

1 

1 

li 



Area in 
sq. ft. 



01962 
0-2291 
0-2618 
0-2945 
0-8270 
0-8599 
0-3927 
0-4253 



External 
Diameter. 



1 
1 
2 

2J 
2i 

n 

2| 
8 



Area in 
sq. ft. 



0-4580 
0-4906 
0-5233 
0-5562 
0-5890 
0-6544 
0-7199 
0-7854 



External 
Diameter. 



H 

8| 

4 

H 

5 

5J 
6 



Area in 
sq. ft* 



0-8508 

0-9163 

0-9817 

1-046 

1-1781 

1-309 

1-44 

1-570 



5. A Filter, portable and strong, as shown in Fig. 34, is 
necessary when filling the tank with oil, in order to collect 
any seriously large particles of foreign matter present in the 
oil. This filter is placed temporarily in the tank opening, 
and is provided with handles for lifting in and out. Some- 
times fuel oil contains grains of sand in suspension. 

6. A Steam Connection should be fitted to the tank or 
tanks for the purpose of cleaning out the oil prior to under- 
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taking any repairs which may be necessary. This precau- 
tion is absolutely vital in the event of any naked light or 
flame required inside. Every particle of oil should be 
steamed out and the tank remain open to the atmosphere 
afterwards for some time to ensure free ventilation. 

7. A General Arrangement 
of a rectangular tank on a 
tender is shown in elevation 
and plan in Figs. 35 an^ 36, 
these being drawn from illus- 
trations of the method 
adopted on the Mexican Bail- 
way, where steam-jet burners 
are used. 

8. Ventilation of the tank 
should be provided for by 
fitting one or more 2-inch 
pipes on top, standing out 6 
or 8 inches and bent over 
against the weather. 

Oil Pipes. — Oil pipes 
which are not subject to 
internal pressure of oil may 
be of ordinary lap - welded 
iron, but it is better to 
employ only solid-drawn steel 
pipes for connections between 
the pumps, heater, filter, and 
distributing valves. Between 
the distributing valve boxes 
and the burners copper 
pipes may be used, as these are necessarily of small diameter 
and lend themselves to bending and adjustment. All joints 
in copper piping with unions, etc., to be brazed. Pipes 
between the tender and engine must necessarily be flexible 
and should be of flexible metallic hose or that known as 
mechanical knuckle jointing. Another type is sometimes 
employed, having a ball-and-socket joint at each end, with a 
sliding joint at the centre, and is illustrated in Fig. 37. The 
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Pia. 34.— Oil Tank Filter. 
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ball and socket permits of up, down and lateral motion, and 
the sliding joint allows for the differences of distance between 
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Fig. 35. — Bectangular Oil Tank (Elevation). 

the engine and tender. Union nuts are provided at both 
ends. With this type it is necessary to use packing on the 
gland, and under no circumstances must indiarubber or 




Fig. 36.— Bectangular Oil Tank (Plan). 

packings containing rubber be used, as oil immediately 
attacks it. This type could only be used for oil flowing 
under gravity. 
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Pipe joints for oil under pressure and at a high tempera- 
ture should be made with a coating on the threads of a mix- 
ture of litharge and glycerine. 




Fig. 37.— Flexible Type Oil Pipe. 

The following Table 14 gives the diameter of suction and 
delivery pipes for different oil capacities per hour : — 

Table 14. — Sizes of Suction and Delivery 

Pipes. 





Diameter in Inches. 


Quantity of 
Oil in lbs. 


Pump 
Suction. 


Pump Delivery. 


per Hour. 


At 

Atmospheric 

Pressure. 


At 15 lbs. 

per sq. in. 

and 100° F. 


At 150 lbs. 

per sq. in. 

and at 250° F. 


250 

500 

750 

1,000 

1,500 

2,000 


20 
2-5 
2-5 
80 
80 
80 


10 

1-25 

1-5 

1-5 

1-5 

2 


0-75 

10 

10 

1-25 

1-25 

1-5 



Firebricks. — With oil fuel the brickwork is subject to a 
greater degree of impingement of the incandescent particles 
than in coal firing, and consequently only the best and 
most refractory bricks should be used. For arches and cir- 
cular work shaped bricks should always be employed, as 
these last much longer and save their cost in lessened repairs. 
The minimum of fireclay or jointing cement should be 
employed. The chief essential, however, conducive to 
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lasting brickwork is to dry thoroughly the bricks before 
being built in. All moisture, however slight and non- 
apparent, should be driven out prior to use, and not in the 
firebox. The moisture in the porous nature of the bricks 
causes fractures and rapid breaking up of the best class of 
brickwork. Whatever may be the arrangement of brick- 
work within the firebox, the fire door should always be lined 
with firebrick. The bricks should be built in angles attached 
to the door so that the door can be opened freely, the brick- 
work lining forming an intrinsic part of the door. 

An observation hole should be arranged in the door, the 
brickwork being left clear to suit the hole. The hole, of 
course, must be covered by a movable shutter on the outside 
of the door. 
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SECTION VII 

tests and running conditions 
Making Tests and Taking Records. 

Some idea will have been formed from the variety of con- 
ditions affecting the efficiency of oil-fuel installations on 
locomotives given in the previous sections of the absolute 
necessity of making reliable tests. Without some method 
of independent testing, in which the conditions are observ- 
able and can be recorded, it is impossible to arrive at any 
reliable conclusion as to the real behaviour of oil-burning 
apparatus. This is of course equally true of coal-burning, 
but so far oil has been and will continue to be a substitution 
for coal under modified conditions which have been carefully 
designed for coal burning only. The tests, therefore, of oil 
fuel really resolve themselves into proving how far the 
adaptations or modifications of coal-firing conditions are 
satisfactory and efficient, quite as much as, if not even more 
than, proving the efficiency of the apparatus or system 
employed. This will remain the position until locomotive 
engine builders recognise the importance of designing oil- 
burning locomotives, a desideratum which the author would 
like to see brought about in the near future. 
Locomotive fuel tests are of two classes, viz. : — 
(1) Evaporative Efficiency of Boiler ; and (2) Tests under 
Running Conditions. The first concerns itself with the 
quantity of water evaporated from and at 212° P. per pound 
of oil at different rates of oil supply per hour. It is carried 
out while the engine is at rest by means of draught created 
by auxiliary steam in the usual way, and it includes the 
relationship between all parts from the dampers to the 
chimney. The second test involves the efficiency of the 
cylinders and the rest of the machinery, together with con- 
ditions of weather, track, load, handling, and such like. 
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This is the " practical result " test, and it is expressed in 
terms of " oil per train mile," " oil per ton mile," " oil per 
tens of tons per mile," etc., and includes all oil used from 
start to finish, whether standing or running. It is evident, 
therefore, that, as these external conditions must differ 
greatly from day to day, and their effect may thus be favour- 
able or adverse, the value of such records is only reliable 
when averaged over a considerable period. The minimum 
period should be a month of daily runs. 

The object of all tests is to investigate every condition 
which affects efficiency, in order that those parts which are 
capable of modification may be adjusted accordingly to 
approach as nearly as possible to theoretical requirements. 
It is obvious, therefore, that such details should be adjusted 
under artificial conditions when the engine is at rest, and 
that the locomotive should not be put under a running trial 
until the general behaviour of the whole installation is 
known. Subsequent necessary adjustments will thus be 
readily determined and effected. 

In this connection it may be observed that one of the 
" external adjustments " is the manner in which the firemen 
handle the apparatus. The relation between firing and the 
admission of feed water, for instance, is all-important from 
the economical point of view, and this is essentially a matter 
of good training, experience, and intelligence. 

In this second series of tests— the pounds, shillings, and 
pence factor— comparisons are made with results previously 
obtained with coal firing, as these involve all the ordinary 
running conditions. With efficient combustion and proper 
handling oil fuel should show much higher evaporative 
results than with coal for the reasons given in Section I. 
under " Advantages of Oil Fuel," but these will only be 
obtained after it is ascertained that the installation is 
efficient at all loads under evaporative trials. 

Evaporation Test. — This should be conducted in a similar 
manner to testing stationary boilers. The draught is 
created by the blower, the steam for which must be taken 
from another engine or from some external source. The 
steam raised in the boiler must escape freely into the atmo- 

h2 
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sphere, and if necessary the dome should be removed for this 
purpose. 

The principal observations to be taken are : — 

1. Accurate measurement of oil used. 

2. Accurate measurement of water supplied to boiler 
and actually evaporated. 

3. Temperature of the feed water. 

4. Temperature of gases in smokebox. 

5. Temperature of furnace (if possible). 

6. Frequent records of percentage of C0 2 from smoke- 
box. 

7. Degree of draught in inches of water. 

8. Calorific value of the fuel. 

These tests should be applied under steady evaporation 
for two hours at maximum oil supply as calculated theo- 
retically, and again for two hours with half the maximum 
quantity of oil. The position of all parts should be noted 
and any necessary adjustments made. The records and 
measurements should start and finish when full evaporation 
is occurring only, and should take no account of the pre- 
liminaries. 

The deductions from the foregoing observations will follow 
the lines already fully described herein. There are very 
reliable appliances on the market for obtaining high tem- 
perature records. 

Running Trials. — The following Table 15 gives a form of 
recording the necessary details over a series of running 
trials, in order that comparisons with coal or other fuel or 
one system of oil burning with that of another may be 
made : — 

Table 15. — Locomotive Department. 



Class of Fuel System Date 

Train No From To . , 

Driver Fireman 



TESTS AND RUNNING tJONDITlONS " * • • iQf 



Stations. 



Miles 
between 
Stations. 


Running 
Time. 


Stand- 
ing 
Time. 


Shunt- 
ing 
Time. 


Oil 

in 

Tank. 


Water 

in 
Tank. 















Fuel used 

in lbs. 

per Mile. 



Train weight in decatons 

Train mileage 

Train in axles 

Light engine mileage 

State of weather 

Condition of rails 

Observations 

Running Conditions. 
Steam-Jet and Pressure-Jet Systems. 

The modern locomotive, being the result of long years of 
experience and careful observation, is designed accordingly ; 
and the charge of being a bad " steamer " can hardly be 
attributed to design. Still, it is a well-known fact that 
" sister " engines built from the same designs vary to a great 
degree in their steaming capacity, and if! this case design may 
be very properly saddled with the fault. 

Apart, however, from design, there are admittedly three 
causes of a poor steaming engine — (1) improper or insuffi- 
cient draught ; (2) the heat not being fully utilised ; and 
(3) mismanagement on the part of the enginemen. However, 
dealing with oil fuel as against coal, cause No. 1 may be 
safely dismissed, as there will be no cinders to fill and stop 
up the tubes, and, as dealt with elsewhere, the smokebox 
and vacuum-creating appliances generally will be under 
special observation with a view to fulfilling the new fuel 
conditions. 

Cause No. 2 can be traced to poor water circulation, 
dirty boiler, etc., etc., and, although it need not be reviewed 
here, an observant engineman can help his record much by 
giving strict attention to the state of the boilers. 
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Treating cause No. 3 and its eliminations, it may be use- 
ful to note initially that, with coal firing, nearly every 
engineman or fireman has a different conception of how a 
given engine ought to be fired. With oil fuel the conditions 
of firing are very different, as it is not entirely left to the 
intelligence of the engine staff, nor to the capacity of the 
fireman as such, to keep the fire fed as it should be. On the 
contrary, with the burners placed as they ought to be, the 
proper distribution of the fuel takes place automatically. 

This should place the fireman in a better position than 
ever to make the two chief features of his work harmonise — 
viz., the firing and feeding of the boiler ; and as the essential 
points between oil and coal firing are identical on the firing 
and feeding of a boiler, a few remarks here may be useful. 

Knowing the Road. — In the first place, the engine staff 
should know the road thoroughly. A fireman, with an 
intelligent conception of his work and knowing the road, can 
anticipate every move on the driver's part. He will have 
the necessary burners going for a hard pull on the up grade, 
as weU as knowing when and where the injector can be shut 
off, and a burner cut out, without impairing the efficiency of 
the engine in any way. This makes for economy. 

Again, on the other hand, however capable a fireman may 
be, or inclined to study the economical working of his 
engine, all his efforts in that direction may be completely 
nullified if a driver does not recognise and act up to his fire- 
man's efforts in that direction. It has been well said that a 
fireman " may save by the ounce while the driver wastes by 
the pound/' 

Water in Boiler. — A proper knowledge of the road is 
all-important in the consideration of maintaining the neces- 
sary water in the boiler. It is obvious that if the boiler is 
full of water (up to the point that there is no danger of 
priming) and it is a hard up grade that has to be negotiated 
the water will not require so much from the fire. Not only 
is this so when actually working on the grade, but it applies 
also to the quality of water that may be in the boiler at the 
moment of drawing out from a station. A case in point 
which came under the writer's observation can be given. 
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It was with a test load. The train had stopped to take water 
at X. before beginning a long up-hill pull of fifty miles. The 
enginemen, knowing the road as they must have known it, 
ought to have left X. with the boiler in that condition, as 
far as water was concerned, so that they could have 
worked the train up to the maximum speed without having 
had recourse to the injectors. But the very reverse was the 
case. The engine left X. with about 1 J inches of water in the 
boiler, and before any speed was reached at all, and the 
engine working at a long ™t-off and using much s^eam, the 
injector had to be put on. The result was that they were 
practically " burning the candle at both ends," as whilst the 
engine was using the greatest volume of steam, the injector 
was pouring cold water into the boiler. With a start like 
that they were practically in " Coventry " all the way up to 
the top, which naturally told* on the consumption of fuel, 
reaching the summit with an excess of 5 pounds of fuel per 
mile. Two days later the trip was repeated in much the 
same conditions, but with different results, as at the writer's 
suggestion the fault, as regards amount of water in the 
boiler, was remedied. 

Regulation and Care or Oil Ptjmp. — It should be the 
care of the engineman to see that the pump is kept in good 
condition. It goes without saying that the pump is rLly 
the " heart " of his engine. That being so, it is highly essen- 
tial that the engineman should thoroughly understand the 
component parts of it, so that under the least necessity he 
would be able to remedy a defect. Just as in the case of 
the piston and valve glands of his engine, the engineman 
should take every care of the pump glands. Sometimes the 
pump will work in an irregular and jerky manner, which is 
detrimental to the steady supply of the fuel to the firebox, 
and may thus diminish the steaming power of the boiler. 
The writer has seen enginemen resort to striking the pump 
with a hammer or key, thinking to " liven " it up in that 
way, whereas, on examination, the gland packing was found 
to be dry and hard and acting as a brake on the move- 
ment of the piston. 

In the regulation of the pump on the road it is obvious that 
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a thorough knowledge of the road is absolutely necessary. 
As the supply of oil to the firebox is sometimes controlled by 
the action of the pump, and not by the oil- way cocks on the 
front, it may be necessary from time to time (according to 
the number of burners in action) to increase or decrease 
the flow of steam to the pump. This is really as it ought to 
be, and should be attended to, but in many cases it is over- 
done. To take a case in point. An engine, for example, is 
working a train up an incline. The engine is not being 
" punished," but working fairly hard, and the injector is 
gaining on the consumption of water. This will necessitate 
shutting off the injector, but before this is done the pressure 
is allowed to come down 5 to 10 pounds. Instead of allow- 
ing the pressure to come back gradually, immediately the 
injector is shut off, more steam is put on to the pump to 
make it inject more oil into the firebox, and in another 
minute the boiler will be " blowing off " and the pump will 
have to be shut off again. A little thought would make the 
fireman see that even if the oil-pressure gauge did register a 
little less pressure the pump would gradually return to its 
former rate, consistent with the gradual increase of steam in 
the boiler. 

Dbaxjght Appliances. — Although it has been said else- 
where in this work that " draught-creating appliances would 
be under special observation," it has also been said that 
" sister engines differ in their steaming capacities." This 
would mean that, even after the most careful adjustment of 
the existing draught appliances, an engineman, by careful 
observation, might be able to materially improve the steam- 
ing capacity of the engine under his control. If not effecting 
the change personally, the following remarks on the two 
most common appliances would enable the driver to put in 
his report on the needed changes in an intelligent manner. 

Petticoat Pipe. — The function of this pipe is to equalise the 
draught through all the tubes. It is generally made tele- 
scopic, so that its top part can be lowered or raised without 
interfering in any way with the position of the bottom part. 
Now if, in the carefully-weighed opinion of the engineman, 
there is too much draught in the upper tubes, the top part of 
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the petticoat should be raised sufficiently to regulate it. If, 
on the other hand, there are indications of too much draught 
in the lower tubes, the lowering of the top part should give 
the necessary adjustment. It should also be noted that, as 
far as draught is concerned, the top tubes dominate the part 
of the firebox at the back end, whilst the bottom tubes have 
their effect on the front, or tube plate, end. In moving the 
top part of the petticoat pipe much care must be taken 
in conserving its proper alignment with the chimney. 

Deflector Plate. — This plate is fixed to the top of the tube 
plate in the smokebox, and extends right across the face of 
the tube plate, sloping gradually outwards towards the 
exhaust pipe. The bottom part of this plate is made adjust- 
able, having elongated holes, which permits it to be lowered 
or raised as the case may be, it being kept in position by bolts. 
The deflector plate serves the double purpose of deflecting 
cinders, etc., to the bottom of the smokebox, and also as a 
draught equaliser. However, it is only the latter function 
that has to be considered here. 

If it is found that there is too much draught through the 
upper tubes, the movable part of the plate should be lowered, 
thus choking the draught through the upper tubes. Again, 
if it be the lower tubes that have too much draught, this 
can be counteracted and the draught equalised through the 
tubes by raising sufficiently the lower part of the deflector 
plate. 

The Blowbb. — The blower is really one of the most useful 
aids a fireman can have, but it is also common knowledge 
that it is grievously misused. With the introduction of the 
firebrick arch additional care had to be taken in the use of the 
blower, owing to the greatly increased temperature of the 
firebox, especially when a fire had been drawn. With the 
advent of oil fuel, and the consequent use of a more extensive 
brick lining besides the arch, the use of the blower should be 
more judicious than ever, as, even with the burners extin- 
guished for a considerable time, the brick lining and arch 
will maintain a high temperature and an intense white heat 
in the firebox. 
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Instructions to Enginemen. 
Starting Up. 

Steam-Jet System. 

1. Open steam to heating coils in oil tank. 

2. Open steam to burner before opening oil valve. 

3. Open oil valves and light up. 

4. Adjust air admission, oil, and steam until smoke almost 
disappears. If auxiliary steam is used, that is, steam from 
another locomotive, the quantity of oil admitted must be 
regulated in accordance with the vacuum produced in the 
firebox. Steam should always be dry and at the pressure 
used under running conditions. 

5. Use no more steam than is absolutely necessary to 
atomise the oil. 

6. Allow a good draught of air through firebox before 
lighting up. 

7. Steam pressure should be raised slowly. 

Pressure-Jet System. 

1. Open valve on oil tank and oil valve on pump suction 
side. 

2. Open inlet and outlet valves on one side of the duplex 
filter. 

3. See that the burner valves are closed. 

4. Open the steam valves to heater and start the pump. 

5. Open the oil circulation valve. 

6. Circulate oil until a temperature of about 150° to 200° F. 
is reached. 

7. Close the oil circulation valve and raise the oil pressure 
to 90 pounds. 

8. Light a handful of cotton waste soaked in kerosene and 
throw it into the firebox. Then open one of the oil burner 
valves and light up. 

9. Regulate damper and draught to give combustion with 
the merest trace of smoke from the funnel, and regulate oil 
supply. 
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10. Raise oil pressure to 150 pounds. 

11. Where no steam is available a hand pump and special 
heater should be provided. 

12. Under no circumstances when starting up should the 
oil be admitted to the burners until the lighted cotton waste 
is burning freely inside the firebox. 

13. The temperature of the oil should be about 270° F. 

14. Allow a good draught of air through firebox when 
lighting up. 

15. The full steam pressure must be maintained in the 
heater and no water allowed to accumulate. 



Running. 

Steam-Jet System. 

\ 

1. Never force the firing with oil fuel, or the flame will 

have the effect of a blast-jet, with liability to burn the shell 
and rivet heads and cause unequal expansion and leakage of 
tubes. 

2. Oil firing should never cease while engine is running, 
unless a cap is employed to cover the funnel. 

3. Opportunity should be taken of working feed water 
injector or pump when standing at stations or on sidings. 

4. The oil in the tanks should be heated, but steam should 
not be kept on continuously. Oil retains its heat for a long 
time, and once heated the quantity withdrawn for the burners 
will cover a considerable period. The heating of the oil can 
be done while the engine is standing. 

5. Sand blast should be used occasionally with proper 
direction towards smoke tubes. 

6. At finish of journey oil valves must be closed before the 
steam valves of the burner in order to aUow all oil in pipes to 
burners to be cleared to prevent carbonisation of oil in 
burner. 

7. No naked lights or lantern of any description must be 
taken near to the oil-tank-filling hole when open, or near the 
tank at all at any time, as explosive vapours escape from 
ventilation pipes. 
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Pressure-Jet System. 

1. Whenever it is necessary to close down a burner, the 
steam blow-through cock should be opened and steam 
allowed to pass until oil is again required. 

2. Watch the pump lubrication and see that the drain 
cock from the heater is passing steam with the condensed 
water. This cock should drain the water from the heater 
without lowering the steam pressure therein or blowing 
through steam to waste. 

3. Glean out the oil filters at regular intervals, always 
having one side ready for use. 

4. If coking should occur inside the firebox, remove the 
deposit by a bar at the first opportunity. Coking is a result 
of imperfect combustion, usually due to an excess of oil or 
improper fixing of the burners. 

5. When the locomotive has finished duty, all valves 
should be closed. The air dampers should be a tight fit 
when closed. A plate should be put on the top of the funnel. 

6. Keep every part scrupulously clean and in first-rate 
working condition. 

Specification Clauses for Locomotive 

Oil-Burning Equipment. 

There is nothing more unsatisfactory for both the seller 
and the purchaser than a want of knowledge on both sides of 
the conditions existing and to be fulfilled. It is too often 
the custom for the purchaser to assume that the seller knows 
or ought to know all about the requirements affecting a 
particular inquiry for which a tender is desired, no matter 
whether the article or apparatus is to be used in some remote 
country. The purchaser often resents the request for plans 
and further necessary information, while the seller on his 
part is frequently guilty of selling goods which he knows 
cannot fulfil the expectations of the purchaser. In some 
cases the purchaser lays down obligations altogether too 
onerous, and equally the seller may offer apparatus un- 
necessarily expensive and elaborate. This state of affairs is 
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more likely to happen where the article required is not of a 
standardised character, or in those cases in which the con- 
ditions are largely indeterminate. Oil-burning equipments 
come under these definitions at present, and the following 
clauses are therefore submitted with the view of meeting the 
case as far as possible. 

It must be understood that nothing in the nature of 
general or legal conditions have been embodied, as such, 
together with terms of payment, deliveries, and unfulfilled 
contract, etc., are outside the sphere of technicalities. 

Specification Clauses. 

To be embodied, with necessary modifications, with the 
usual Contract Conditions and Forms of Tender. The word 
" Purchasers " means the railway or other company asking 
for the Tender, and the word " Contractor " means the 
supplier of the oil-burning apparatus. 

1. Apparatus Required. — The Purchasers require 

oil burning installations of the steam-jet (pressure-jet) type, 
complete with all accessories between the oil tank and the 
burners or atomisers, for the following locomotives : — 

Locomotive No Type 

Locomotive No Type 

Locomotive No Type 

etc., etc. 

2. Accessories to be Included. — The accessories shall in- 
clude amply sufficient lengths of all the oil pipes between 
the several parts of the apparatus to allow for cutting, 
bending, etc., all unions, flanges, couplings, valves, pressure 
gauges, thermometers, flexible tubes, jointing material, and 
sundries (with the exception only of steam piping) necessary 
to enable the Purchasers to erect completely the installation 
on each locomotive. 

3. Spare Parts. — The Tender to include a sufficient num- 
ber of spares of all parts which are liable to renewal from 
time to time and to the extent to which the Contractor 
considers necessary. 
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4. Parts Provided by Purchasers. — The Purchasers will 
provide the oil tank on the tender ; oil tank filters ; oil tank 
heating coils ; oil tank discharge pipe and valve ; steam 
pipe connections ; firebox brickwork ; ferrules ; and any 
alterations specified and required by the Contractor to the 
firebox, smokebox, fittings, etc. 

5. Information Supplied to Contractor. — The following 
information is attached hereto : — 

(a) Drawings of each of the several types of loco- 
motives, showing space available on tender for oil tank, 
etc., existing fittings in cab, and smokebox arrange- 
ment (including superheaters, if any). 

(6) Drawing showing longitudinal and cross-sections 
of firebox, ashpan, etc. 

(c) Steam pressures of each locomotive. 

(d) Heating surface in square feet. 

(e) Maximum evaporation required in pounds of 
water per hour from and at 212° F. 

(f) Temperature of feed water. 

(g) Analysis, viscosity, specific gravity, calorific 
value and flash point of fuel oil proposed to be used, and 
with which tests will be made. 

6. Information Required with Tender. — The Contractor 
• shall submit the following information with his Tender : — 

(a) A diagrammatic drawing showing the general 
arrangement and connections of the several parts of the 
apparatus. 

(6) A drawing or drawings of the fireboxes showing 
the brickwork arrangement required, positions of 
burners, etc., with dimensions put in and to a scale 
sufficiently large to form a working drawing. Details 
necessary, to be shown separately on the same drawings 
but to an enlarged scale. 

(c) Drawing in section or otherwise of the type of 
burner or atomiser to be used with the system. 

(d) Description of the entire system, its method of 
operation, means of regulating oil supply, method of 
regulating air draught, whether oil flows to pump or 
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burner by gravity or otherwise, and explanatory 
references to drawings. 

(e) Quantity of steam used per hour for atomisation 
or for pump and heater. 

(/) Pounds of water evaporated per pound of oil fuel. 

(g) Schedules of every item included in Tender, num- 
ber of each per locomotive, and material of which each 
item is made. 

* 

(N.B. — Drawings are not required showing the installation 
in situ, except as regards burners and firebox arrangements.) 

7. Material. — The following conditions must be observed 
with regard to material used :— 

Cast iron must not be employed for any part subject 
to internal pressure. 

Oil pipes under heat or pressure must be of solid 
drawn steel tested to 1,000 pounds per square inch. 

Valves used for oil at a temperature below 150° F. 
must be of the " straight-through " type. 

No indiarubber or indiarubber compounds are to be 
employed either for joints or packing. 

8. Lighting-up or liaising Steam. — It is desirable that 
steam may be raised in the boiler from cold water by means 
of the oil fuel only, when neither coal, wood or other auxiliary 
fuel, nor steam from outside sources is available. The Con- 
tractor must state in his Tender how this can be accom- 
plished with the system of oil burning he proposes. 

9. Tests. — Final acceptance of the Apparatus will only be 
made on the following tests being satisfactorily complied 
with : — 

1. Evaporative test of boiler, for determining the 
quantity of water evaporated from and at 212° F. per 
pound of fuel ; this test will be applied with steam 
escaping to the atmosphere, auxiliary steam being used 
for pumps, atomisers, blower, heating coils, etc. Accu- 
rate records will be taken over (a) full evaporation, 
(6) half evaporation, for two hours each, of oil used, 
water evaporated, temperature of gases in smokebox, 
percentage of C0 2 in smokebox, etc. 
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2. General running test over days, under 

ordinary traffic conditions, with varying loads behind 

the locomotive, in order to ascertain the fuel consumed 

per ton mile. 

Test No. 2 is conditional on Test No. 1 being satisfactory, 

and the Contractor or his duly authorised representative 

may attend the tests and approve the conditions or suggest 

any modifications he may reasonably desire to have made. 

Comparisons of averaged results will be made with those 

already obtained with the same locomotive when working 

with coal as fuel. 



SECTION VIII 
auxiliary appliances 

Holden's Injector and Steam Fitting for 

Locomotives. 

The illustration in Fig. 38 shows enlarged views of Holden's 
Patent liquid-Fuel Injector-Ejector, with supplementary 
feed for locomotives. This injector requires the oil to be fed 
by gravity. 

The injector A is shown placed in position at the aperture 
formed by the insertion of a copper tube and iron ferrule 
through the water space of the firebox. 

The fuel is first admitted through the injectors by slightly 
raising the valves, then should a further supply be required 
it is obtained by opening the valves fully and so admitting 
the supplementary feed, the further quantity of oil being 

The ejector A* is intended to be connected up to the train 
pipe where the vacuum brake is used, when it will maintain 
the required vacuum for working the brake, and dispenses 
with the need of a small ejector, generally used for this pur- 
pose, or it can be connected to an arrangement of heaters in 
the smokebox, whereby heated air is introduced through the 
injectors to the firebox. 

By unscrewing the large nut at the back of the injector 
the cones can be removed for examination and replaced 
without disconnecting the steam and fuel pipes. 

The steam fitting C is placed in any convenient position on 
the boiler front to supply dry steam to the injectors. The 
cock C 1 is for controlling the steam to the internal annular 
jets of the injector. Cock C 2 is for steam to the ring on same. 
Cock C 8 is for blowing steam through liquid fuel pipes, 
valves, or injectors should they at any time become choked, 

O.F.E. I 
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and the cock G x is for steam to a heater coil, which ib placed 
near the fuel outlet in tank to prevent the fuel becoming 
thick in cold weather. These cocks are arranged for \ inch 
outside diameter steam pipe. 

The Meyer-Smith Lxghting-up or Starting Heater. 

Fig. 39 showB the Meyer-Smith patent Lighting-up 
Heater, which enables steam to be raised on cold boilers 
without the use of coal, wood, or shore steam. This appa- 




FiQ. 39. — Meyer-Smith Lighting-up Heater. 



ratus consists of a strong steel paraffin reservoir, fitted with 
the necessary pressure pump, pressure gauge, and escape 
connections. In the dome of this reservoir two special type 
self-heated paraffin burners are fixed to supply the necessary 
heat. Mounted on top of this tank is the oil-fuel heater or 
coil, which is contained in a steel chamber, lined out with 
fire-resisting material. The heater or coil is provided with 
the necessary inlet and outlet branches for the oil fuel. The 
inlet and outlet branches are connected to the main oil-fuel 
supply pipe line to the boilers and put out of action by means 

12 
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of a change cock and shut-off valve, which: obviates the 
breaking of any joints. 

When using this heater for lighting-up the necessary 
pressure on the oil fuel is raised by means of a special type 
hand pump, or, if desired, a hand lever may be attached 
to one of the steam pumps instead. 

The Thbbmosoope. 

The Thermoscope is an instrument designed to take 
advantage of the simple fact that when C0 2 , either pure 
or mixed with air, is brought into contact with caustic 
soda a chemical reaction occurs in which heat is generated, 
the amount being strictly proportional to the quantity of 
C0 2 . It consists of an arrangement for passing a known 
quantity of the gas mixture through pulverised caustic 
La contained in a cartridge, and for ascertaining the 
amount of the resulting heat by causing the cartridge to be 
jacketed by a special thermometer. 

Description of the Thermoscope. 

The instrument consists of the following main parts : — 

1. A cylinder fitted with a plunger for drawing the 
gas mixture to be analysed from the flue, etc., and 
subsequently passing it through. 

2. A small cartridge-shaped receptacle containing 
granular caustic alkali, and in which the heat reaction 
occurs. 

3. A special thermometer with its bulb constructed to 
surround or jacket the cartridge so that the heat of 
reaction can be imparted to the mercury, the amount 
of its expansion, i.e., the percentage of C0 2 , to be 
observed on a movable scale. 

Upon reference to the illustration, Fig. 40, the construc- 
tion will be readily understood. A is a cylinder fitted with 
a piston and cup leathers and provided with a three-way tap 
/ at its end. 

The thermometer B is conveniently mounted on the cylinder 
A, and the whole is enclosed by the cylindrical jacket 9 



Fig. 40. 

The Therm oscope. 

(By the courtesy of the 

Under/fed Stoker Co., 

Ltd.) 
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which is slotted at I) to show the thermometer stem. A 
movable scale E calibrated in percentages of CO s by volume 
is arranged to slide in the slot. 

The thermometer bulb F is blown so as to form a cylin- 
drical jacket in which is inserted the cartridge 0. This con- 
tains the caustic alkali in the form of a dry granular powder, 
and when about to be used the cartridge is pricked at each 
end by means of a needle mounted in a cavity in the end 
of the piston rod in order that the gas under examination 
may flow through. K is a rubber tube connector for deliver- 
ing the gas from the cylinder A to the interior of the cart- 
ridge. 

In order to correct the volume of the gas drawn into the 
cylinder for varying room temperatures the length of the 
piston stroke when taking the sample is regulated by with- 
drawing to a temperature scale 8 on the piston-rod, the room 
temperature being read for convenience on the thermometer 
T, which is placed in a cavity of the piston-rod, or by any 
thermometer in the room. 

The "Premier" Steam Trap. 

This trap will work at any pressure and in any position. 
It cannot stick or fail to act. It will force the water and air 



Fra. 41.—" Premier " Steam Trap. 
{By the courtesy of the United States Metallic Packing Co., Ltd.) 

1 foot vertical head for each pound of steam. It works 
straight through and has no side discharge. 

The " Premier " trap is so regulated that at starting the 
valve is wide open, and does not close until all the air and water 
are blown out, and until the steam itself actually arrives. The 
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trap being connected by the inlet to the pipe or apparatus 
to be drained at the spot where the condensation water 
accumulates, the valve will allow the water to flow out, even 
up to a temperature of 211° F., but precisely at 212° F. 9 or, 
in other words, at the temperature at which steam appears it 
has expanded its entire distance, and is completely shut. 
The moment condensation is set up, in however small a 
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Fig. 42.—" Premier" Steam Trap (Section). 
(By the courtesy of the United States Metallic Packing Co., Ltd.) 

quantity, the temperature drops below 212° F., the valve 
accordingly opens, and the condensation water is blown out. 
The trap is well adapted to draining water from oil 
heaters used with the pressure-jet system, as by its use the 
steam pressure is fully maintained and perfect drainage 
ensured. It is illustrated in Figs. 41 and 42. 

Table 16. — Capacity op " Pbemieb " Steam Traps. 
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Water expelled 
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Diameter of 


per Minute 


per Minute 


Pipe 6 inches in 
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(approximately ) 


(approximately) 
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Pipes. 
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equivalent, that 






Conditions. 


when Cold. 
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to Drain. 
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130 
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300 


6 
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45 


650 



It is made by the United States Metallic Packing Com- 
pany, Ltd., Bradford, Yorkshire. 
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Table 17. — Conversion Table. 



1093-60 
. 1-10 
. 3-30 
. 0-3937 
. 0039 
. 1-60 
1609-31 
. 0-0009 
, 0-914 
. 0-306 
. 2*54 
. 25-4 



To convert Multiply by 
Kilometres to miles . .0-62 
Kilometres to yards 
Metres to yards . 
Metres to feet 
Centimetres to inches 
Millimetres to inches 
Miles to kilometres . 
Miles to metres . 
Yards to kilometres 
Yards to metres . 
Feet to metres . 
Inches to centimetres 
Inches to millimetres 
Square metres to square 

yards 1-2 

Square metres to square 

feet 10-76 

Square centimetres to 

square inches . . .0*155 
Square millimetres to 

square inches . . . 0-0015 
Square yards to square 

metres 0-836 

Square feet to square 

metres 0-093 

Square inches to square 

centimetres . . .6*451 
Square inches to square 

millimetres. . . 645-10 
Cubic metres to cubic 

yards 1-3 

Cubic metres to cubic 

feet 35*32 

Cubic centimetres to cu- 
bic inches .... 0*061 
Cubic yards to cubic 

metres 0*764 

Cubic feet to cubic 

metres 0*028 

Cubic inches to cubic 

centimetres . . . 16*386 
Kilogrammes to tons . 0*001 



To convert Multiply by 
Kilogrammes to owt. . 0-02 
Kilogrammes to pounds . 2-2 
Kilogrammes to ounces . 35*3 
Tons to kilogrammes 1016*0 
Cwts. to kilogrammes . 50*8 
Pounds to kilogrammes . 0*454 • 
Gallons to cubic feet . 01 6 
Gallons to cubic metres . 0*0045 
Gallons to litres . . .4*5 
Gallons of water to 

pounds 10*0 

Cubic feet to gallons . 6*24 
Cubic metres to gallons 220*0 
Litres to gallons . . .0*22 
Pounds of water to gal- 
lons 0*10 

Litres to cubic feet . . 0*035 
Litres of water to pounds 2*2 
Cubic feet to litres . . 28*32 
Pounds of water to litres 0*454 
Cubic feet of water to 

pounds 62*27 

Pounds of water to cubic 

feet 0*016 

Feet per minute to miles 

per hour .... 0*0113 
Feet per minute to metres 

per second .... 0*005 
Miles per hour to feet 

per minute . . * 88*0 
Metres per second to feet 

per minute . . 197*0 
Tons per square foot to 

pounds per square inch 15*5 
Kilogrammes per square 

centimetre to pounds 

per square inch . .14*2 
Atmospheres to pounds 

per square inch . .14*7 
Atmospheres to kilo* 

grammes per square 

centimetre .... 1*0335 



120 OIL FUEL EQUIPMENT FOR LOCOMOTIVES 



Conversion Table — continued. 



To convert Multiply by 

British thermal units to 
foot-pounds . . 778*0 

Calories to metre-kilo- 
grammes . . . 426*84 

Foot-pounds to metre- 
kilogrammes . . . 0*1382 

Metre-kilogrammes to 

foot-pounds . . .7*231 

Degrees F. to degrees C. 

§- •«) 

Degrees C. to degrees F. 

(b + 32 ) 



To convert Multiply by 

British thermal units to 

calories .... 0*252 

British thermal units per 
pound to calories per 
kilogramme . . . 0*554 

Calories per kilogramme 
to British thermal units 
per pound . . . .1*8 

Efritish thermal units per 
square foot to calories 
per square metre . . 2*713 

Calories per square metre 
to British thermal units 
per square foot . . 0*369 
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FROM THE PREFACE 

The present book will it is hoped be of assistance to the practical worker as 
well as to the student of oils and fats. It has been the out-growth of a 
number of years of observation and experience involving the collection of a 
considerable amount of data from many sources. 

Heretofore, the literature on hydrogenation has been scattered through many 
periodicals, and no effort has been made to collect this material and arrange 
it in book form, although the treatises of Hefter and Ubbelohde and Gold- 
schmidt include a few pages on the conversion of soft fats by various methods 
to stearic acid or stearin ; but such reviews have been too brief to afford the 
practical operator sufficient working material 

A considerable mass of data, including practically all that has been advanced 
on the subject of hydrogenation of fatty oils, has been collected and arranged 
in this volume. The observations and opinions of many minds have been 
brought together. Some of these views obviously are sound, others are open 
to grave doubt, and still others are of a contradictory or polemical nature. 
Whether or not in the treatment of this material to carry through a vein of 
critical comment was a problem which confronted the author, and the con- 
clusion was reached that at this stage of a young art, it would be inadvisable 
in general to do more than array the multitude of processes, formulae, pro- 
posals, and opinions, leaving to the reader the selection of that which would 
prove of greatest utility. 

A few years hence, when oil hydrogenation will have found its measure, 
and the more important points concerning it have reached definite settle- 
ment, the allotment of space to a number of the discussions appearing on the 
following pages would hardly be warranted, but at the present time, when 
many are desirous of having at hand a treatise which comprises all or nearly 
all the published work to date, containing though it does a considerable 
divergency of opinion, there appears ample justification for the inclusion of 
material which later may be considered superfluous. 

LONDON 
CONSTABLE AND COMPANY LIMITED 
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Vol. IV.— Internal Combustion Engines. Price 8/- net, cloth ; 12/- net, leather. 

Vol. V.— Railway Construction and Operation. Price izj-ntt, cloth; 16/- 

net, leather. 

Vol. VI.— Railway Roiling Stock. Price 10/6 net, cloth ; 14/- net, leather. 

Vol. VII.— Hoisting and Conveying Machinery. Price 10/6 net, cloth; 14/- 

net, leather. 

Vol. VIII.— Reinforced Concrete in Sub- and Superstructure. Com- 
piled by Heinrich Becher. Price 6/ net, cloth • 8/6 net, leather. 

Vol. IX. - Machine Tools (Metal Working ; Wood Working). Compiled by 

Wilheim Wagner. Price 9/- net, cloth; 12/6 net* leather. 

Vol. X. — Motor Vehicles (Motor Cars, Motor Boats, Motor Air Ships, Flying 

Machines). Edited by Rudolf Urtel. Price 12/- net, cloth; 16/- 
net, leather. 

Vol. XI. — Metallurgy. Price 10/6 net, cloth ; 14/- net, leather. 

In Preparation: — Vol. XII.— Hydraulics. 

Vol. XIII.— Ironwork Construction. 

SOME PRESS OPINIONS: 

" We heartily recommend the work to all who have occasion to read foreign 
articles on engineering." — Mining Engineering. 

14 The best book, or series of books, of its kind yet attempted." — The Engineer. 

" These Dictionaries are the best of the kind yet attempted, and their 
arrangement and design leave nothing to be desired." —Surveyor. 

" Anyone desiring a Technical Dictionary for a foreign language will find this 
the most comprehensive and explicit that has ever been issued." — Mechanical 
Engineer. 

Detailed Prospectus post free. 



** Write to Messrs. Constable &> Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 



Municipal Engineering. 



THE ENCYCLOPEDIA OF 

[MUNICIPAL AND SANITARY 



ENGINEERING. 



/ 



EDITED BY 



W. H. MAXWELL, A.M.Inst.C.E. 

Borough and Waterworks Engineer, Tunbridge Wells Corporation, etc. 

In one volume. Cloth. Price 42/- net. 

Among the many Contributors to this exhaustive work are : — 



Adams, Professor Henry, M.Inst.C.E., M.I. 

Mcch.E., F.S.I., F.R.San.I. 
Angbl, R. J., M.InstX.E., A.R.I. B.A., Borough 

Engineer and Surveyor, Bermondsey. 

Burne, E. Lancaster, A. M.Inst.C.E., A. M.I. 
Mech.E., Consulting Engineer. 

Chambbrs, Sidnby H., Surveyor, Hampton 
Urban District Council. 

Dibdin, W. J..F.I.C, F.C.S., formerly Chemist 
and Superintending Gas Engineer, London 
County Council. 

Firth, Lieut-Col. R. H., R.A.M.C. 

Fowler, Dr. Gilbert J., F.I.C., Consulting 

Chemist to the Manchester Corporation 

Rivers Committee. 
Freeman, Albert C, M.S. A. 
Freeman, W. Marshall, of the Middle 

Temple, Barrister-at-Law. 
Fret well, W. E., Lecturer on Plumbing and 

Sanitary Science, L.C.C. School of Building. 
Garfield, Joseph. A.M.Inst.C.E., Sewerage 

Engineer, Bradford. 
Hart, George A., Sewerage Engineer, Leeds. 
Hobart, H. M., M.Inst.C.E., M.I.E.E., etc. 



Jennings, Arthur Seymour, Editor «of The 

Decorator. 
Jensen, Gerard J. G., C.E., Consulting 

Engineer. 
Kenwood, H. R., M.B., B.S., D.P.H., Professor 

of Hygiene and Public Health, University 

College, London. 
Latham, Frank, M.InstC.E., Borough 

Engineer and Surveyor, Penzance. 
Martin, Arthur J., M.Inst.C.E., Consulting 

Engineer. 
Moor, C. G., M.A., F.I.C., F.C.S., Public 

Analyst for the County of Dorset and the 

Borough of Poole. 
Owens, Dr. John S., A.M.Inst.C.E. 
Partridge, w., F.I.C. 

Pordage, A., Firemaster, City of Edinburgh. 
Ridbal, S., D.Sc. Lond., F.I.C, F.R.San.I. 
Thresh, John C, M.D., D.Sc, Medical Officer 

of Health for the County of Essex. 
Thudichum, George, F.I.C. 
Watson, John D., M.Inst.C.E., Engineer to 

the Birmingham, Tame and Rea District 

Drainage Board. 
Wbbbbr, W. H. Y.,C.E., Consulting Engineer. 



A detailed Prospectus with list of Contents post free on application. 



PRESS APPRECIATIONS. 



"A book which will be found indispensable by every official, teacher 
and student." — Electrical Engineer. 

" This splendid work which represents the very latest data and practice 
in the important branches of science which it covers. ... A book 
which should become a recognised work of reference among those for 
whom it is written. * * — Electricity . 

44 A work which contains just the gist of every important matter. The 
descriptive matter is rendered still more beneficial by a host of excellent 
illustrations." — Iron and Steel Trades Journal. 

" The volume now before us presents, in dictionary form, a series of 
articles and notes dealing with every branch of municipal and sanitary 
engineering, in clear and simple terms, quite intelligible to the lay reader. 
The articles have been written by experts in every branch of work 
concerned, and the encyclopaedia as a whole forms a most valuable 

COMPENDIUM, WHICH WE HAVE CONFIDENCE IN RECOMMENDING." — Thi 

Builder. 

" Lucidly written . . . the book is an excellent one and should be 
of great assistance to all who are engaged, or otherwise interested, in 
electricity, water sewage, etc." — Manchester Guardian. 
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Practical Manuals for Practical Men 

Fully Illustrated and Indexed 



FOUNDATIONS AND FIXING MACHINERY. 
By Francis H. Da vies. 2/- net. 



Electric Wire men's Manuals. 



TESTING AND LOCALIZING FAULTS. 
By J. Wright. 1/- net. 

ARC LAMPS AND ACCESSORY APPARATUS. 
By J. H. Johnson, A.M.I. E.E. 1/6 n£t. 

MOTORS, SECONDARY BATTERIES, MEASURING 

INSTRUMENTS AND SWITCHGEAR. 
By S. K. Broadfoot, A.M.I.E.E. 1/- net. 

MILL AND FACTORY WIRING. 
By R. Q. Devey. 2/- net. 

ELECTRIC MINING INSTALLATIONS. 

By P. W- Freudemacher, A.M.I.E.E. 2/- net. 

SHIP WIRING AND FITTING. 
By T. M. Johnson. 1/- net. 

BELLS, INDICATORS, TELEPHONES, ALARMS, ETC. 
By J. B. Redfern and J. Savin. 1/6 net. 

OTHER VOLUMES IN PREPARATION. 



FROM THE TECHNICAL PRESS. 

" A valuable series of manuals." — Electricity. 

" Clearly written and adequately illustrated." — English Mechanic. 

The Mining World, speaking of the Series, says: — "Likely to be very 
popular considering the clear manner in which the authors have set down their 
statements, and the useful illustrations." 

The Iron and Coal Trades Review, referring to the Series, says: — " Handy 
pocket manuals for the practical man." 

" A useful little primer . . . The book (' Arc Lamps and Accessory Appa- 
ratus ') is an eminently practical one, and should be of great assistance when 
considering the most useful and serviceable arc lamp to adopt under varying 
circumstances. . . . The author has dealt with the troubles which are usually 
met with and the best methods of overcoming them." — Hardware Trade Journal. 

■' The author has dealt with his subject (' Mill and Factory Wiring ') in a 
manner which is essentially practical, and has produced a book which is lucid 
in style, and should fulfil his intention as a manual for wiremen, contractors and 
electricians. The matter is rendered clear by copious illustrations." — Surveyor. 

" All that one need know in connection with mill and factory wiring." — 
The Mining World. 

*** Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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The " Westminster " Series 

Uniform. Extra Crown Svo. Fully Illustrated. 6/- net each. 

Soils and Manures. By J. Alan Murray, B.Sc. 

The Manufacture of Paper. By R. W. Sindall, F.C.S. 

Timber. By J. R. Baterden, A.M.I.C.E. 

Electric Lamps. By Maurice Solomon, A.C.G.I., A.M.I.E.E. 

Textiles and their Manufacture. By Aldred Barker, M.Sc, 

Technical College, Bradford. 

The Precious Metals : comprising Gold, Silver, and Platinum. 

By Thomas K. Rose, D.Sc, of the Royal Mint. 

Decorative Glass Processes. By A. L. Duthie. 

The Railway Locomotive. By Vaughan Pendred, late Editor 

of The Engineer. 

Iron and Steel. By J. H. Stansbie, B.Sc. (Lond.), F.I.C. 
Town Gas for Lighting and Heating. By W. H. Y. 

Webber, C.E. 
Liquid and Gaseous Fuels, and the Part they play in 

Modern Power Production. By Professor Vivian B. 

Lewes, F.I.C, F.C.S. , Prof, of Chemistry , Royal Naval College, Greenwich. 

Electric Power and Traction. By F. H. Davies, A.M.I.E.E. 
Coal. By James Tonge, M.I.M.E., F.G.S., etc. (Lecturer on 

Mining at Victoria University, Manchester). 

India- Rubber and its Manufacture, with Chapters on 
Gutta-Percha and Balata. By H. L. Terry, F.I.C, 

Assoc. Inst. M.M. 

The Book : Its History and Development. By Cyril 

Davenport, F.S.A. 
Glass Manufacture. By Walter Rosenhain, Superintendent 

of the Department of Metallurgy in the National Physical Laboratory. 

The Law and Commercial Usage of Patents, Designs, and 
Trade Marks. By Kenneth R. Swan, B.A.(0*on.), of the 

Inner Temple, Barrister-at-Law. 

Precious Stones. With a chapter on Artificial Stones. 

By W. Goodchild, M.B., B.Ch. 

Electro-Metallurgy. By J. B. C. Kershaw, F.I.C. 

Natural Sources of Power. By Robert S. Ball, B.Sc, 

A.M.I.C.E. 

Radio-Telegraphy. By C. C. F. Monckton, M.I.E.E. 
Introduction to the Chemistry and Physics of Building 

Materials. By Alan E. Munby, M.A. (Cantab.). 
The Gas Engine. By W. J. Marshall, A.M.I.M.E., and 

Captain H. Riall Sankey, R.E., M.I.C.E. 

Photography. By Alfred Watkins, Past-President of the 

Photographic Convention, 1907. 

Wood Pulp. By Charles F. Cross, B.Sc, F.I.C, E. J. Bevan, 
F.I.C, and R. W. Sindall, F.C.S. 

FURTHER VOLUMES TO FOLLOW AT INTERVALS. 

Separate detailed prospectuses can be had on application, also a descriptive list 

of the Series. 



*+* Write to Messrs. Constable S> Co., Ltd,, 10, Orange Street, 
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Internal Combustion Engines. 



Internal Combustion Engines 

The Internal Combustion Engine : Being a 

Text-Book on Gas, Oil, and Petrol Engines, for the 

use of Students and Engineers. 
By H. E. Wimperis, M.A., Assoc.M.Inst.C.E., 

ASSOC. M. Inst. E.E. Illustrated. Crown Svo. 6/- net. 

A Primer of the Internal Combustion Engine. 

By M. E. Wimperis, M. A., Assoc. M. Inst.C. E., etc. 2/6 net. 

The Design and Construction of Internal- 
Combustion Engines : A Handbook for 

Designers and Builders of Gas and Oil Engines. 

By Hugo Guldner. Translated from the Second Revised 

Edition, with additions on American Engines, by 

H. Diederichs, Professor of Experimental Engineering, 

Cornell University. Imperial Svo. Illustrated. ^i\-net. 

The Construction and Working of Internal 
Combustion Engines. 

Being a Practical Manual for Gas Engine Designers, 
Repairers and Users. By R. E. Mathot. Translated by 

W. A. Tookey. Medium Svo. With over 350 Illustrations. 24/- net. 

The Diesel Engine for Land and Marine 

A UrDOSC Second Edition. 

By A. P. Chalkley, B.Sc, A. M. Inst.C. E., A.I.E.E. 

With an Introduction by Dr. Diesel. 8/6 net. 
• Contents. — Expansion of Gases. Adiabatic Expansion. Isothermal 
Expansion. Working Cycles. Thermodynamic Cycles. Constant 
Temperature Cycle. Constant Volume Cycle. Constant Pressure 
Cycle. Diesel Engine Cycle. Reasons for the High Efficiency of the 
Diesel Engine. Four-Cycle Engine. Two-Cycle Engine. Two- 
Cycle Double- Acting Engine. Horizontal Engine. High-Speed 
Vertical Engine. Relative Advantages of the Various Types of Engine. 
Limiting Power of Diesel Engines. Fuel for Diesel Engines. General 
Remarks. Four-Cycle Single Acting Engine ; General Arrangement. 
Starting and Running. Description of Four-Cycle Engine. Valves 
and Cams. Regulation of the Engine. Types of Four-Cycle Engines. 
High-Speed Engine. Horizontal Engine. Two-Cycle Engine. Air 
Compressors for Diesel Engines. General Remarks. Space Occupied 
and General Dimensions. Starting up the Engine. Management of 
Diesel Engines. Cost of Operation of Diesel Engines. Object of Test- 
ing. Test on 2QO-B.H.P. Diesel Engine. Test on 300-B.H.P. 



* * 
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Internal Combustion Engines— continued. 



The Diesel Engine for Land and Marine Purposes — continued. 

High-Speed Marine Engine. Test on 500-B.H.P. Engine. Test on 
High-Speed Diesel Engine. General Considerations. Advantages of 
the Diesel Engine for Marine Work. Design and Arrangement of 
Diesel Marine Engines. Methods of Reversing Diesel Engines. 
Auxiliaries for Diesel Ships. Two-Cycle Engine ; Swiss Type. 
Swedish Type. German Types. Four-Cycle Engine ; Dutch Type. 
German Types. The Future of the Diesel Engine. Lloyds' Rules 
for Internal Combustion Marine Engines. Diesel's Original Patent. 



1 . 



Gas and Gas Engines 

The Gas Engine. 

By W. J. Marshall, A.M.Inst.M.E., and Captain H. Riall 
Sankey, late R.E., JVLInst.lVLE., etc. 

Illustrated. Extra Crown Svo. 6/- net. 

Contents. — Theory of the Gas Engine. The Otto Cycle. The Two- 
Stroke Cycle. Water Cooling of Gas Engine Parts. Ignition. 
Operating Gas Engines. Arrangement of a Gas Engine Installation. 
The Testing of Gas Engines. Governing. Gas and Gas Producers. 

The Energy-Diagram for Gas. by f. w. Burstaii, 

M.A., Chance Professor of Mechanical Engineering in the 

University of Birmingham. 
With Descriptive Text. 5/- net. The Diagram sold separately, 2/- net. 

American Gas-Engineering Practice. 

By IVL Nisbet-Latta, Member American Gas Institute, 
Member American Society of Mechanical Engineers. 
% 460 pages and 142 illustrations. Demy 8vo. 18/- net. 

Gas Engine Design. 

By Charles Edward Lucke, Ph.D., Mechanical Engineering 

Department, Columbia University, New York City. 
Illustrated with numerous Designs. Demy Svo. 12/6 net. 

Gas Engine Construction. second Edition. 

By Henry V. A. Parsell, Jr., M.A.I.E.E., and Arthur 

J. Weed, M.E. Fully Illustrated. 304 pages. Demy Svo. 10/6 net. 

Gas, Gasoline, and Oil Engines, £2^ 
including Gas Producer Plants. 

By Gardner D. Hiscox, M.E., Author of " Mechanical 
Movements," " Compressed Air," etc. 

Fully Illustrated. Demy Svo. 10/6 net. 



*** Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
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Gas and Gas Engines—continued. 



British Progress in Gas Works Plant and 

Machinery. By C. E. Brackenbury, C.E., Author 
" Modern Methods of Saving Labour in Gas Works." 

Illustrated. Super-Royal Svo. 6/- net. 

Town Gas and its Uses for the Production 
of Light, Heat, and Motive Power. 

By W. M. Y. Webber, C.E. 

With 71 Illustrations. Ex. Crown Svo. 6/- net. 



Steam Engines, Boilers, etc. 

The Modern Steam Engine : Theory, Design, 

Construction, Use. By John Richardson, M.Inst. C.E. 

With 300 Illustrations. Demy Svo. 7/6 net. 

This is a thoroughly practical text-book, but it will also commend itself 
to all who want to obtain a clear and comprehensive knowledge of the 
steam engine. 

The Una-flow Steam Engine. 

By J. Stlimpf. Fully Illustrated. 10/6 net. 

Turbines applied to Marine Propulsion. 

By Stanley J, Reed. Fully Illustrated. 16/- net. 

Steam Turbines : s Zfa*eTiMtL. 

With an Appendix on Gas Turbines and the Future 

of Heat Engines. 
By Dr. A. Stodola, Professor at the Polytechnikum in 

Zurich, Authorised Translation by Dr. Louis C. 

Loewenstein, Department of Mechanical Engineering, 

Lehigh University. 
With 241 Cuts and 3 Lithograph Tables. 488 pages. Cloth. Demy Svo. 
21/- net. 

Boiler Explosions, Collapses, and Mishaps. 

By E. J. Rimmer, B.Sc, etc. ^6 net. 

The Steam Engine and Turbine. 

By Robert C. H. Heck, M.E. 20/- net. 

* + * Write to Messrs. Constable &> Co., Ltd., io, Orange Street, 
Leicester Square, for full particulars of any book. 
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Steam Engines, Boilers, etc.— continued. 
Engine Tests and Boiler Efficiencies. 

By J. Buchetti. Translated and Edited from the 3rd 
Edition by Alexander Russell, M.I.E.E., etc. 

Fully Illustrated, Demy Svo. 10/6 net. 

Boiler Draught. By M. Keay Pratt, A.M.I.Mech.E. 

Fully Illustrated. Demy 8vo. 4/- net. 

Contents : — Draught. Calculations relating to Air. Chimneys. Con- 
struction. Artificial Draught. Forced Draught. Induced Draught. 
A Comparison. The Application of Mechanical Draught for Land 
Installations. The Application of Mechanical Draught in Marine 
Practice. The Chemistry of Combustion. In&ex. 

Marine Double-ended Boilers, by John Gray. 

Illustrated. Demy Svo. 5/- net. 

Steam Boilers : Their History and Development. 
By H. H. Powles, M.Inst.M,E., etc. 

Fully Illustrated. Imperial Svo, 24/- net. 

Boiler Construction, by Frank b. Kieinhans. 

420 pages, with nearly 400 Figures and Tables. Demy Svo. 12/6 net. 

Steam Pipes : Their Design and Construction. Second 
By W. H. Booth, Author of " Liquid Fuel," etc. Edition. 

Fully Illustrated. Demy 8vo. 5/- net. 

The New Steam Tables. Calculated from Professor 

Callendar's Researches. 

By Professor C. A. M. Smith, IVLSc, and A. Q. Warren, 
S.Sc. 4/- net. 

Experimental Researches on the Flow of 
Steam through Nozzles and Orifices, 

to which is added a note on the Flow of Hot Water. 

By A. Rateau. Crown Svo. 4/6 net. 

Superheat, Superheating, and their Control. 

By W. M. Booth. Illustrated. Demy Svo. 6/- net. 



%* Write to Messrs. Constable & Co., Ltd., id, Orange Street, 
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Fuel and Smoke. 



Fuel and Smoke 

An Introduction to the Study of Fuel. 

A text-book for those entering the Engineering, 
Chemical and Technical Industries. 
By P. J. Brislee, D.Sc. 

With many Illustrations. Demy Svo. 8/6 net. 

General Chemical Principles. Weight and Volume of Air required for 
Combustion. Analysis of Fuel and Flue Gases. Calorimetry and 
Determination of the Heating Value of a Fuel. Measurement of 
High Temperatures. Pyrometry. Calculations of Combustion 
Temperatures. Natural Solid Fuels. Artificial Solid Fuels. Gaseous 
Fuel. The Manufacture of Producer Gas and Water Gas. Theory of 
the Producer Gas and Water Gas Reactions. Explosion and the 
Explosion Engine. Air Supply and Measurement of Draught. Furnace 
Efficiency and Fuel Economy. Heat Balances, Furnace and Boiler 
Tests. Liquid Fuels. 

Liquid Fuel and its Apparatus. By William m. 

Booth, F.G.S., M.Am.Soc.C.E., Author of "Liquid Fuel 
and its Combustion," etc. Demy Svo. Price 6/- net. 

Part I. — Theory and Principles. 

Part II. — Practice. 

Part III. — Tables and Data. 

Liquid Fuel and its Combustion. 

By W. H. Booth, F.Q.S., M.Am.Soc.C.E., Author of 
" Water Softening and Treatment," " Steam Pipes : 
Their Design and Construction." 

With about 120 Illustrations and Diagrams. Imp. Svo. 24/- net. 

Smoke Prevention and Fuel Economy. 

By W. M. Booth, F.Q.S., M.Am.Soc.C.E., and J. B. C. 
Kershaw, F.I.C. 

Fully Illustrated. Third Edition, revised and enlarged. Demy Svo. 6/- net . 

Liquid and Gaseous Fuels, and the Part they play 

in Modern Power Production. 

By Professor Vivian B. Lewes, F.I.C, F.C.S., Prof, of 

Chemistry, Royal Naval College, Greenwich. 
With 54 Illustrations. Ex. Crown Svo. 6/- net. 

Fuel, Gas and Water Analysis for Steam Users. 

By J. B. C. Kershaw, F.I.C. Fully Illustrated. Demy Svo. 8/- net. 

1 - -■- , ■ 1 ■ ,,, - 1 - 11 
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Fuel and Smoke— continued. 



Coal. 

By James Tonge, M.I.M.E., F.G.S., etc^ (Lecturer on 
Mining at Victoria University, Manchester.) With 46 
Illustrations. Illustrated. Ex. Crown 8vo. 6/- net. 

Machinery, Power Plants, etc. 

Machine Design. 

By Charles H. Benjamin, Professor of Mechanical 

Engineering in the Case School of Applied Science. 
Numerous Diagrams and Tables. Demy Svo. 8/- net. 

A Handbook of Testing. 

I. — Materials. 

By C. A. Smith, B.Sc, Assoc.M.Inst.M.E., Assoc. 
M.Inst.E.E. Professor of Engineering in the University 
of Hong Kong, late of East London College, Author of 
"Lectures on Suction Gas Plants," etc. Demy Svo. 6j-net. 

II. — Prime Movers. In preparation. 

Mechanical Movements, Powers, Devices and 
Appliances. 

By Gardner D. Miscox, M.E., Author of " Gas, Gasoline, 

and Oil Engines," etc. 
Over 400 pages. 1646 Illustrations and Descriptive Text. Demy Svo. 8/6 net. 

Mechanical Appliances. 

Supplementary Volume to Mechanical Movements. 
By Gardner D. Miscox, M.E. 

400 pages. About 1,000 Illustrations. Demy Svo. 8/6 net. 

The Elements of Mechanics of Materials. 

A Text-Book for Students in Engineering Courses. 

ByC. E. Houghton, A. B. f M.M.E. Demy Svo. Illustrated. 7J6net. 

Water Softening and Treatment : Condensing 

Plant, Feed Pumps and Heaters for Steam Users 
and Manufacturers. By William H. Booth. Second Edition. 

With Tables and many Illustrations. Demy Svo. 7/6 net. 

Cranes : Their Construction, Mechanical Equipment and 

Working. 

By Anton Bottcher. Translated and supplemented with 
descriptions of English, American and Continental Practice, 

by A. TolhaUSen, C.E. Fully Illustrated. Crown ^to. 42/- *«*. 
11 This is by far the finest general work on cranes that has ever appeared. 
It is very voluminous and illustrated, and describes all existing types." — 
Engineer. 

»'■■■■ ..... — . ... - - — — — ' " ' ■■ — -.m i . 1 
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Machinery, Power Plants, etc— continued. 



Engineering Workshops, Machines and 
Processes. 

By F. Zur Nedden. Translated by John A. Davenport, 
With an Introduction by Sir A. B. W. Kennedy, LL.D., 

F.R.S. Illustrated. Dtmy 8vo. 6\-ntt. 

Dies : Their Construction and Use for the Modern 
Working of Sheet Metals. By Joseph V. Woodworth. 

384 pages. With Illustrations. Demy Svo, 12/6 net. 

Modern American Machine Tools. 

By C. H. Benjamin, Professor of Mechanical Engineering, 

Case School of Applied Science, Cleveland, Ohio, U.S.A., 

Member of American Society of Mechanical Engineers. 
With 134 Illustrations. Demy Svo. 18/- net. 

Precision Grinding. 

A Practical Book on the Use of Grinding Machinery 
for Machine Men. By H. Darbyshire. 

Pages viii. + 162. With Illustrations. Crown Svo. Price 6/- net. 

Shop Kinks : Fmrth EdiHtH 

A Book for Engineers and Machinists Showing Special 
Ways of doing Better, Cheap and Rapid Work. 

By Robert Grimshaw. With 222 Illustrations. Crown Svo. 10/6 net. 

Cams, and the Principles of their Construction. 

By George Jepson, Instructor in Mechanical Drawing in 
the Massachusetts Normal School. Crown Svo. 8/- net. 

The Economic and Commercial Theory of 
Heat Power-Plants. 

By Robert H. Smith, A.M.Inst.C.E., M.I.M.E., 

M.Inst.E.E., etc. Prof. Em. of Engineering and Mem. 

Ord. Meiji. 
Numerous Diagrams. Demy Svo. 24/- net. 

Entropy : Or, Thermodynamics from an Engineer's 

Standpoint, and the Reversibility of Thermodynamics. 
By James Swinburne, M.Inst.C.E., M.Inst.E.E., etc. 

Illustrated with Diagrams. Crown Svo. 4/6 net. 

*** Write to Messrs. Constable &» Co., Ltd., 10, Orange Street, 
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Machinery, Power Plants, etc.— continued. 



Compressed Air : Its Production, Uses riSJ^S**' 

and Applications. By Gardner D. Hiscox, Enlarged. 

M.E., Author of" Mechanical Movements, Powers, Devices,' 

etc. 

665 pages. 540 Illustrations and 44 Air Tables. Demy Svo. 20/- net. 

Natural Sources of Power. 

By Robert S. Ball, B.Sc, A.M.InstX.E. 

With 104 Diagrams and Illustrations. Ex. Crown 8vo. 6/- net. 



Pumps 

Centrifugal Pumps. 

By Louis C. Loewenstern, E.E., Ph.D., and Clarence P. 

Crissey, M.E. Svo. 320 Illustrations. 18/- net. 
Contents. — Theory of Centrifugal Pumps. Consumption of Power and 
Efficiency. The Calculation of Impeller and Guide Vanes. Design of 
Important Pump Parts. Types of Centrifugal Pumps. Testing of 
Centrifugal Pumps. 

Pumps and Pumping Engines : British Pro- 
gress in. 

By Philip R. Bjorling, Consulting Engineer, Author of 
" Pumps and Pump Motors ; " " Pumps : their Construction 
and Management," etc. 

Fully Illustrated. Super-Royal Svo. 6/- net. 

Iron, Steel, and other Metals 

The Basic Open-Hearth Steel Process. 

By Carl Dichmann. Translated and Edited by Alleyne 

Reynolds. Demy Svo. Numerous Tables and Formula. 10/6 net. 

Contents. — Introductory. Physical Conditions in an Open- Hearth 
Furnace System. Buoyancy. General Remarks on Producer Gas. 
Raw Materials for Producer Working. Reactions on Gasification in the 
Producer, Stoichiometric Relations. Thermal Conditions in Gasifica- 
tion of Carbon. Influence of the Individual Reactions on the Tempera- 
ture of Reaction. Influence of Incompleteness of Reactions. 
Distillation Gas. Producer Gas. Judgment of the Working of Pro- 
ducer from Analysis of the Gas. Temperatures in the Producer. 
Change of the Composition of Producer Gas in Conduits and Regener- 
ator Chambers. Air Requirement for Combustion of Gas in the Open- 
Hearth Furnace. Temperatures and Transference of Heat in the 
Combustion Chamber of the Open-Hearth Furnace. Gas and Air on 
their way through the Furnace System. Reducing and Oxidising Pro- 
cesses. The Chemical Action of the Flame. Work done by Heat in 
the Open-Hearth Furnace. Enhancement of the Oxidising Action of 

• the Flame. Occurrences in Open-Hearth Furnaces and their Judgment. 
The Principle Working Methods of the Basic Open- Hearth. Tables 
and Formulae. 

*** Write to Messrs. Constable S» Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Iron, Steel, and other Metals— continued. 

Iron and Steel. 

An Introductory Text-Book for Engineers and 
Metallurgists. 

By O. F. Hudson, M.Sc, A.R.C.5., Lecturer on Metallo- 
graphy, Birmingham University, with a Section on 
Corrosion by Guy D. Bengough, M.A., D.5c, Lecturer in 
Metallurgy, Liverpool University; Investigator to the 
Corrosion Committee of the Institute of Metals. 

Contents. — Section I. — Introductory. — Mechanical Testing. Smelting 
of Iron Ores. Properties of Cast Iron. Foundry Practice. Mixing 
Cast Iron for Foundry Work. Malleable Cast Iron. Wrought Iron. 
Manufacture of Steel. — Cementation Process. — Crucible Steel. Manu- 
facture of Steel — Bessemer Process. Manufacture of Steel — Open- 
Hearth Process. — Electric Furnaces. Mechanical Treatment of Steel. 
— Reheating. Impurities in Steel. Constitution of Iron-Carbon Alloys. 
Heat Treatment of Steel. Special Steels. Steel Castings. Case 
Hardening. — Welding. 

Section II. — The Corrosion of Steel and Iron. 

Malleable Cast Iron. 

By S. Jones Parsons, M.E. Illustrated. Demy8vo. Sj-neL 

Contents : — Melting. Moulding. Annealing. Cleaning and Straightening. 
Design. Patterns. Inspection and Testing. Supplementary Processes. 
Application. 

General Foundry Practice : Being a Treatise on 

General Iron Founding, Job Loam Practice, Moulding, 
and Casting of Finer Metals, Practical Metallurgy in 
the Foundry, etc. By William Roxburgh, M.R.S.A. 

With over 1 60 Figures and Illustrations, Demy Svo. 10/6 net. 

Contents : — General Iron Founding : Starting a Small Iron Foundry. 
Moulding Sands. Location of Impurities. Core Gum. Blow Holes. 
Burning Castings. Venting. The Use of the Riser in Casting. 
Chaplets. Shrinkage. Pressure of Molten Iron (Ferro-Static Pressure). 
Feeding or the Compression of Metals. Metal Mixing. Temperature. 
Defects in Cast-iron Castings. Special Pipes (and Patterns). Green- 
Sand and Dry-Sand. Core Clipping. Machine and Snap Flask 
Moulding. Moulding Cylinders and Cylinder Cores. Jacketed 
Cylinders. Core- Sands. Moulding a Corliss Cylinder in Dry-Sand. 
General Pipe Core Making. Chilled Castings. Flasks or Moulding 
Boxes. Gates and Gating. Jobbing Loam Practice : Loam Moulding. 
Moulding a 36 in. Cylinder Liner. Moulding a Slide Valve Cylinder. 
Moulding a Cylinder Cover. Cores and Core Irons for a Slide Valve 
Cylinder. Moulding a Piston. Loam Moulding in Boxes or Casings. 
Moulding a 20 in. Loco. Boiler Front Cress-Block. The Use of Ashes 
and Dry-Sand in Loam Moulding. Moulding and Casting the Finer 
Metals : Starting a Small Brass Foundry ; Furnaces ; Waste in 
Melting ; Moulding ; Temperatures ; Brass Mixtures, etc. ; Draw and 
Integral Shrinkage; Position of Casting and Cooling the 'Castings. 
Bronzes : Aluminium ; Phosphor ; Manganese, and running with the 
Plug gate. Casting Speculums : The Alloy ; Draw ; Treatment of 

*#* Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Iron, Steel, and other Metals— continued. 
General Foundry Practice— continued. 

Castings ; Compression and Annealing ; Melting and Pouring ; Mould- 
ing. Aluminium Founding: Scabbing; Sand; Gating; Risers; Melting; 
and Temperature. Aluminium Castings and Alloys. "Malleable-Cast." 
Practical Metallurgy in the Foundry. General Pattern-making from a 
Moulder's Point of View. Foundry Ovens and their Construction. 
Fuels. Foundry Tools. 

Hardening, Tempering, Annealing and 

Forging Or Steel . A Treatise on the Practical 

Treatment and Working of High and Low Grade 
Steel. By Joseph V. Woodworth. 

288 pages. With 201 Illustrations. Demy 8vo, 10/- net. 

Iron and Steel. 

'By J. H. Stansbie, B.Sc. (Lond.), P.I.C. 

With 86 Illustrations. Ex. Crown 8vo. 6/- net. 

The Practical Mechanic's Handbook. 

BY F. E. Smith. 4/6 net. (See p. 39.) 

Welding and Cutting Steel by Gases or 
Electricity. 

By Dr. L. A. Groth. Illustrated. Demy Svo. 10/6 net. 

The Precious Metals : Comprising Gold, Silver and 
Platinum. By Thomas K. Rose, D.Sc, of the Royal 

Mint. Fully Illustrated. Ex. Crown 8vo. 6/- net. f 

The Stanneries : A Study of the English Tin Miner. 

By George R. Lewis. 

Demy 8vo. 6/- net. 

•• A valuable addition to the history of Cornish mining." — Mining Journal. 

Motor Cars and Engines 

Text-Book of Motor Car Engineering. 

By A. Graham Clarke, M.I.A.E., A.M.I.Mech. E. 

Vol. I. Construction. Fully Illustrated. 8j6net. 

Contents: — The General Principles and Construction of the Petrol 
Engine. Details of Engine Construction. Petrol. Fuels other than 
Petrol. Carburetters and Carburation. Thermodynamics of the 
Petrol Engine. Horsepower. Mechanical (Thermal and Combustion 
Efficiencies). The Principles and Construction of Coil and Accumulator 
Ignition. Magneto Ignition. Engine Control Systems. Engine 
Cooling Systems. Crank Effort Diagrams. Clutches and Brakes. 
Change - Speed Gears. Transmission Gear. Steering Gears. 

*** Write to Messrs. Constable 6* Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 



Motor Cars and Engines—continued. 



Text' Book of Motor Car Engineering— continued. 

Lubricants. Lubrication, Ball and Roller Bearings. Chassis 
Construction. General Principles of the Steam Car. Steam Engines 
and Condensers. Steam Generators and Pipe Diagrams. The Electric 
Car. Materials used in Motor Car Construction. Syllabus of City and 
Guilds of London Institute in Motor Car Engineering. Examination 
Papers. Physical Properties of Petrols. Mathematical Tables and 
Constants. 

Vol. II. Design. Fully Illustrate. 7/6 net. 

Contents. — Introduction. Materials of Construction. General Con- 
siderations in Engine Design. Power Requirements. Determination 
of Engine Dimensions. Cylinders and Valves. Valve Gears. Pistons, 
Gudgeons and Connecting Rods. Crankshafts and Flywheels. The 
Balancing of Engines. Crankcases and Gearboxes. Engine Lubri- 
cating and Cooling Arrangements. Inlet, Exhaust and Fuel Piping, 
etc. Clutches and Brakes. Gearing. Transmission Gear. Frames, 
Axles and Springs. Torque Rods and Radius Rods. Steering Gears. 

O'Gorman's Motor Pocket Book. 

By Mervyn O'Gorman, M.Inst.Mech.E., etc. 

Limp Leather Binding. 7/6 net. 

Motor Vehicles and Motor Boats, 

See D-S. Technical Dictionaries in Six Languages, page 4. 



# Aeronautics 

Dynamics of Mechanical Flight. 

By Sir George Green hill (late Professor of Mathematics in 

the R.M.A., Woolwich.) Demy Svo. 8/6 nrf. 

Contents. — General Principles of Flight, Light, and Drift. Calculation 
of Thrust and Centre of Pressure of an Aeroplane. Helmholtz- 
Kirchhoff Theory of a Discontinuous Stream Line. Gyroscopic Action, 
and General Dynamical Principles. The Screw Propellor. Pneumatical 
Principles of an Air Ship. 

" The present volume should prove invaluable to every student of 
aeronautics who wishes to obtain an insight into the principles involved 
in the construction and working of flying machines." — 

Prof. G. H. Bryan, in the Aeronautical Journal. 

Adial Flight. By P. W. Lanchester. Fully Illustrated. 

Vol. I. — Aerodynamics. Demy Svo. 21/- net. 
Vol. II. — Aerodonetics. Demy Svo. 21/- net. 

*** Write to Messrs. Constable S» Co. f Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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A eronailtlCS — continued. 



Aeroplane Patents. 

By Robert M. Neilson, Wh.Ex., M.I.Mech.E., F.C.I.P.A., 

Chartered Patent Agent, etc. Demy 8vo. 4/6 net. 

Aeroplanes. 

See D.-S. Technical Dictionaries, Vol. X., in Six Languages, 
page 4. 

Airships, Past and Present. 

By A. Hildebrandt, Captain and Instructor in the Prussian 
Balloon Corps. Translated by W. H. Story. Copiously 
Illustrated. Demy Svo. 10/6 net. 



Marine and Naval Machinery 

Marine Engine Design, including the Design of 

Turning and Reversing Engines. 

BY Edward M. Bragg, 5.B. Crown 8vo. 8/- net. 

Cold Storage, Heating and Ventilating on 
Board Ship. B L Sy 8 d / ne J, R Walker * RN ' Crown 

The problems of cold storage and heating and ventilating are treated 
exactly as they are presented to a naval architect and marine engineer. 
Directions are given for detecting the causes of various troubles and 
remedying them, and, what is more important, explicit instructions are 
given for operating various types of plants, so as to avoid breakdowns. 
Comparatively little has hitherto been published on the subject. 

The Elements of Graphic Statics and of 
General Graphic Methods. 

By W. L. Cathcart, M.Am.Soc.M.E., and J. Irvin 

Chaffee, A.M. 159 Diagrams. 12/- net. 
This book is designed for students of marine and mechanical engineering 
and naval architecture. It reviews the principles of graphics and their 
application both to frame structures and to mechanism. 

Marine Double-ended Boilers. 

BY John Gray. Fully Illustrated. 5j-net. (Seep. 11.) 

Handbook for the Care and Operation of 
Naval Machinery. ^^^"Jg* m * M 



%* Write to Messrs. Constable &> Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Turbines and Hydraulics. 



Turbines and Hydraulics 

Turbines Applied to Marine Propulsion. 

By Stanley J. Reed. 16/- net. 

Modern Turbine Practice and Water Power 

Plants, with Terms and Symbols used in Hydraulic 

Power Engineering. 
By John Wolf Thurso, Civil and Hydraulic Engineer. 

With many Diagrams and Illustrations. Royal Svo. i6/~ net. 

Water Pipe and Sewage Discbarge Diagrams. 

By T. C. Ekin, M.Inst.C.E., M.I.Mech.E. Folio. i2J6net. 

These diagrams and tables with accompanying descriptive letterpress 
and examples are based on Kutter's formula with a coefficient of rough- 
ness of 0-013 and give the discharges in cubic feet per minute of every 
inch diameter of pipe from 3 to 48 inches when running full on inclina- 
tions from 1 to 15 per 1000. 

Hydraulics and its Applications : A Text-book 

for Engineers and Students. By A. H. Gibson, 

D.Sc, M.Inst.C.E. 2nd edition, revised and enlarged. 
Demy Svo. 15/- net. 

,( One of the most satisfactory text-books on Hydraulics extant." — 

Mechanical World. 

Water Hammer in Hydraulic Pipe Lines : 

Being a Theoretical and Experimental Investigation of the 
Rise or Fall of Pressors in a Pipe Line, caused by the 
gradual or sudden closing or opening of a valve ; with a 
Chapter on the Speed Regulation of Hydraulic Turbines. 

By A. H. Gibson, D.Sc, M.Inst.C.E. 

Fcap. 8vo. 5/- net. 

Hydraulics, Text-book of : Including an Outline 

of the Theory of Turbines. By L. M. Hoskins, 

Professor of Applied Mathematics in the Leland Stanford 

Junior University. 
Numerous Tables. Fully Illustrated. Demy Svo. 10/6 net. 

Hydroelectric Developments and Engineering. 

A Practical and Theoretical Treatise on the Develop- 
ment, Design, Construction, Equipment and Operation 
of Hydroelectric Transmission Plants. 

By Frank Kdester, Author of "Steam - Electric Power 

Plants." 479 pages. 500 Illustrations. 45 Tables. Imperial Svo. 

__ 21/- net. 

*** Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square y for full particulars of any book. 
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Railway Engineering. 



Railway Engineering 

Reinforced Concrete Railway Structures. 

By J. D. W. Ball, A.M. Inst. C.E. 8/- net. 

" Glasgow Text-Books of Civil Engineering." 

Contents. — Preliminary Considerations. Bending Stresses. Shear 
Stress. Floors and Buildings. Foundations and Rafts. Retaining 
Walls. Bridges. Arched Bridges. Sleepers, Fence Posts, etc. 
Summary of Notation. 

The Design of Simple Steel Bridges. 

By P. 0. Q. Usborne, iate R.E. 12/6 net. 

Contents. — Definitions. Bending Moments. Moments of Flexure. 
Moments of Resistance. Shear Deflection. Solid Beams and 
Examples. Struts and Ties. Rivets and Joints. Rolling Loads. 
Bending Moments, Shear Stresses. Loads. Plate Girders. Bridge 
Floors. Railways, Roads. Principles of Bridge Design. Plate Girders. 
Parallel Braced Girders. Braced Girders (2). Shop Practice and 
General Details. ( 

Reinforced Concrete Bridges, (s^p.22.) 

By Frederick Rings, M.S.A., M.C.I. 

Railway Signal Engineering (Mechanical). 

By Leonard P. Lewis, of the Caledonian Railway, Glasgow. 

("Glasgow Text-Books of Civil Engineering," Edited by G. Moncur.) 
Profusely Illustrated. Demy Svo. SI- net. 
Contents. — Introduction. Board of Trade Rules. Classes and Uses of 

Signals. Constructional Details of Signals. Point Connections. 

Interlocking Apparatus. Signal Box Arrangements. Miscellaneous 

Apparatus. Signalling Schemes. Interlocking Tables, Diagrams, etc. 

Methods of Working Trains. Appendix. 

Railway Terms. Spanish -English, English -Spanish 
Dictionary of. By Andre Garcia. 12/6 net. 

The Railway Locomotive : what It Is, and Why 

It Is What It Is. 

By Vaughan Pendred, M.Inst.Mech.E., M.I. & S.Inst. 

Illustrated. Ex. Crown 8v*. 6/- net. 

Railway Shop Up-to-Date. 

A reference book of American Railway Shop Practice. 

Compiled by the Editorial Staff of the " Railway Master 

Mechanic." 4**. i2j6net. 

The Field Engineer, iSth Edition, Revised and Enlarged. 

By William Pindlay Shunk, C.E. Foolscap Zv: Leather. 10/6 net. 

1 _ m 1 1 ■- 1 ■-— i-M- -1 ■- 1- it- m~ n — i m — "— — ~" ~ ' ~ — -^^— ^— ^^-^™ M ■' " ' ' ' " m,m * ' ' M " ™ ~ * ^ ^^^^^^ 

*** Write to Messrs. Constable <S» Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Reinforced Concrete and Cement. 



Reinforced Concrete and Cement 

Reinforced Concrete Railway Structures. 

By J. D. W. Ball, A.M.Inst.C.E, (See p. 21.) 

Reinforced Concrete Bridges. 

By Frederick Rings, M.S. A., MX. I., Architect and Con- 
sulting Engineer. 24/- net. 

Contents. — List of Symbols. Introduction. Bending Moments, 
Stresses, and Strains. Loads on Bridges and External Stresses. Cul- 
verts, Coverings, Tunnels, etc. Design of Girder Bridges. Calculation 
of Girder Bridges and Worked Examples. Examples of Girder Bridges. 
Design of Arched Bridges and Abutments. Theory of the Arch. 
Examples of Arched Bridges. Formulae, Notes, Schedules, and other 
Useful Information. 

Manual of Reinforced Concrete and Concrete 

Block Construction. Second Edition, Revised and Enlarged. 

By Charles P. Marsh, M.InstX.E., M.Am.Soc.E., 
M.Inst.M.E., and William Dunn, F.R.I.B.A. 

Pocket size, limp Morocco, 290 pages, with 52 Tables of Data and 112 
Diagrams. Price 7/6 net. 

A Concise Treatise on Reinforced Concrete : 

A Companion to " The Reinforced Concrete 
Manual.'' 
By Charles p. Marsh, M.Inst.C.E., M.Am.Soc.E., 

M.Inst.M.E. DemySvo. Illustrated. 7/6 net. 

Properties and Design of Reinforced Concrete. 

Instructions, Authorised Methods of Calculation, Experimental 
Results and Reports by the French Government Commissions 
on Reinforced Concrete. 

By Nathaniel Martin, A.G.T.C, B.Sc, Assoc. M.InstX.E., 

Former Lecturer on Reinforced Concrete in the Royal 
West of Scotland Technical College. 8/- net. 

Reinforced Concrete Compression Member 

DujPTam " ^ E^ a g ram giving tne loading size and reinforc*- 
Actgidiii • ments for compression members according to the 
data and methods of Calculation recommended in the Second Report 
of the Joint Committee on Reinforced Concrete and adopted in the 
Draft Regulations of the London County Council. 

By Charles F. Marsh, M.InstX.E., M.Am.Soc.E., M. 
Inst.M.E. 

In Cloth Covers. Mounted on Linen, 5/- net. Unmounted, 3/6 net. 

* # * Write to Messrs. Constable &> Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Reinforced Concrete and Cement— continued. 

Reinforced Concrete. j^^SSSri. 

By Charles P. Marsh, M. Inst. C. E., M. Inst. M. E., 
M.Am.Soc.E., and W. Dunn, F.R.I.B.A. 

654 pages and 618 Illustrations and Diagrams. Imperial Svo. 31/6 net. 

Cement and Concrete. ^tK?" 

By Louis Carlton Sabin, B.5., C.E., Assistant Engineer, 
Engineer Department, U.S. Army ; Member of the American 
Society of Civil Engineers. Large Demy Svo. 21/- net. 



Civil Engineering, Building 
Construction, etc. 

The Design of Simple Steel Bridges. (s« P .ax.) 

By P. O. Q. Us borne, late R.E. 

The Elements of Structural Design. 

By Horace R. Thayer. 6/- net. 

Reinforced Concrete Railway Structures. 

By J. D. W. Ball, A.M.Inst.C.E. {.See p. 21.) 

The Elastic Arch : With Special Reference to the 

Reinforced Concrete Arch. 
By Burton R. Leffler, Engineer of Bridges, Lake Shore 
and Michigan Southern Railway. Diagrams and Tables. Crown 
Svo. 4/- net. 

Graphical Determination of Earth Slopes, 
Retaining Walls and Dams. 

By Charles Prelini, C.E., Author of "Tunnelling." 
Demy Svo. 8/- net. 

Tunnel Shields and the Use of Compressed 
Air in Subaqueous Works. second Edition. 

By William Charles Copperthwaite, M.Inst. C.E. 

With 260 Illustrations and Diagrams. Crown $to. 31/6 net. 

Modern Tunnel Practice. 

By David McNeely Stauffer, M.Am.S.C.E., M.Inst. C.E. 

With 138 Illustrations. Demy Svo. 21/- net. 



■^k^BM^X 
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# Write to Messrs. Constable <£• Co., Ltd., 10, Orange Street \ 
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Civil Engineering, etc.— continued. 



Timber. 

By J. E. Baterden, Assoc.M.InstX.E. 

Illustrated. Ex. Crown Svo. 6/- net. 

Contents. — Timber. The World's Forest Supply. Quantities of 
Timber used. Timber Imports into Great Britain. European Timber. 
Timber of the United States and Canada. Timbers of South America, 
Central America, and West India Islands. Timbers of India, Burma, 
and Andaman Islands. Timber of the Straits Settlements, Malay 
Peninsula, Japan, and South and West Africa. Australian Timbers. 
Timbers of New Zealand . and Tasmania. Causes of Decay and 
Destruction of Timber. Seasoning and Impregnation of Timber. 
Defects in Timber and General Notes. Strength and Testing of 
Timber. " Figure" in Timber. Appendix. Bibliography. 

Pricing of Quantities. 

Showing a Practical System of Preparing an Estimate 
from Bills of Quantities. By George Stephenson, 
Author of " Repairs," " Quantities/' etc. Demy Svo. 8/- net. 

Building in London. By Horace Cubitt, A.R.I.B.A., etc. 

A Treatise on the Law and Practice affecting the Erection and Main- 
tenance of Buildings in the Metropolis, with Special Chapters dealing 
respectively with the Cost of Building Work in and around London by 
H. J. Leaning, F.S.I. , and the Valuation and Management of London 
Property by Sydney A. Smith, F.S.I. : also the Statutes, Bye-laws and 
Regulations applying in London ; cross-references throughout 
Illustrated, with Diagrams. Royal 8vo. 31/6 net. 

Theory and Practice of Designing. With 

numerous Illustrations. 
By Henry Adams, M.Inst.C.E., M.I.Mech.E. 6/- net. 

Motion Study. A Method for increasing the Efficiency 

of the Workman. 
By Frank B. Gilbreth, M.Am.Soc.M.E. With an Intro- 
duction by Robert Thurston Kent, Editor of Industrial 
Engineering. Crown Svo. 44 Illustrations. 4/6 net. 

I I T ■ ■ •% 

Surveying, etc. 

Adjustment of Observations by the /£ 

Method of Least Squares : With Application to 

Geodetic Work. 
By Professor Thomas Wallace Wright, M.A., C.E., 
and John Fillmore Hayford, C.E., Chief of the Com- 
puting Staff U.S. Coast and Geodetic Survey. 

With Tables. Demy Svo. 12/6 net. 

QurirMMnrr By j - Williamson, A. M.Inst.C.E., in the 

Surveying. Series: "The Glasgow Text- Books of Civil 

Engineering, " see page gy 

*+* Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Municipal Engineering. 



Municipal Engineering 

ScwagC Disposal Works : Design, Construction 

and Maintenance. 

Being a Practical Guide to Modern Methods of Sewage 

Purification. 
By Hugh P. Raikes, M.Inst.C.E. DemySvo. i6\-net. 

Rainfall, Reservoirs and Water Supply. 

By Sir Alexander Binnie. (See p. 26.) 

Refuse Disposal and Power Production. 

By W. F. Goodrich. Fully Illustrated. DemySvo. i6j-net. 

Small Dust Destructors for Institutional and 
Trade Refuse. By w. f. Goodrich. Demy svo. 4 /- net. 

British Progress in Municipal Engineering. 

By Williarp H. Maxwell, Assoc. M.Inst.C.E. 

Fully Illustrated. Super-Royal 8vo. 6/- net. 

Water Pipe and Sewage Discharge Diagrams, 

By T. C. Ekin, M.Inst.C.E., M.I.Mech.E- Folio. 12/6 net. 

These diagrams and tables with accompanying descriptive letterpress and 
examples are based on Kutter's formula with a coefficient of roughness 
of 0*013 and give the discharges in cubic feet per minute of every inch 
diameter of pipe from 3 to 48 inches when running full on inclinations 
from 1 to 15 per 1000. 

Modern Sanitary Engineering. Part I. House 

Drainage. " Glasgow Text-Books of Civil Engineering." 
By Gilbert Thomson, M.A., M.Inst.C.E. 6/- net. 

Introductory. The Site and Surroundings of the House. The General 
Principles of Drainage Design. Materials for Drains. The Size of 
Drains. The Gradient of Drains. Drain Flushing Traps : Their 
Principle and Efficacy. Traps : Their Number and Position. " Dis- 
connections." Intercepting Traps and Chambers. Inspection Openings 
and Manholes. Soil, Waste, and Connecting Pipes. Water Closets. 
Flushing Cisterns and Pipes. Urinals. Baths. Lavatory Basins. 
Sinks, Tubs, etc. Trap Ventilation. Designing a System of Drainage. 
Buildings of Special Class. Test and Testing. Sanitary Inspections. 
Sewage Disposal for Isolated Houses. Index. 

The Encyclopaedia of Municipal and 
Sanitary Engineering. (See p. 5 .) 

*** Write to Messrs. Constable S» Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Irrigation and Water Supply. 



Irrigation and Water Supply 

Rainfall, Reservoirs and Water Supply. 

By Sir Alexander Binnie, M.Inst.C.E. Fully illustrated. 8/6 net. 

Contents. — General. Amount of Rainfall. Average Rainfall. Fluctua- 
tions of Rainfall. Probable Average. Flow from the Ground. Intensity 
of Floods. Evaporation. Quantity and Rate per Head. Quality, 
Hardness, etc. Impurities. Filtration. Sources of Supply. Gravi- 
tation versus Pumping. Rivers and Pumping Works. Drainage* 
Areas. Deductions from Rainfall. Compensation. Capacity of 
Reservoirs. Sites of Reservoirs. Puddle Trenches. Concrete 
Trenches. Base of Embankment. Reservoir Embankments. Puddle 
Wall. Formation of Embankment. Masonry Dams. Reservoir 
Outlets. Pipes through Embankment. Culvert under Embankment. 
Flow through Culverts. Valve Pit. Central Stopping. Tunnel Outlets. 
Syphon Cutlets. Flood or Bye-Channel. Waste Watercourse and 
Waste Weir. Aqueducts. Conduits. Pipes. Service Reservoir. 
Distribution. Valves. Meters. House Fittings. 



Irriga 



tion : Its Principles and Practice as a Branch of 

Engineering. 
By Sir Hanbury Brown, K.C.M.G., M.Inst.C.E. 

Second Edition. Fully Illustrated. Demy Svo. 16/- net. 

Contents : — Irrigation and its Effects. Basin Irrigation. Perennia 
Irrigation and Water "Duty." Sources of Supply. Dams and 
Reservoirs. Means of Drawing on the Supply. Methods of Construction. 
Means of Distribution. Masonry Works on Irrigation Canals. 
Methods of Distribution of Water. Assessment of Rates and 
Administration. Flood Banks and River Training. Agricultural 
Operations and Reclamation Works. Navigation. Appendixes I., II., 
III. Index. 

Irrigation Works. 

The "Vernon Harcourt" Lectures of 1910. 
By Sir Hanbury Brown, K.C.M.G., M.Inst.C.E. 

Demy Svo, stiff paper cover. 1/- net. 

The Practical Design of Irrigation Works. 

By W. Q. BHgjl, M.Inst.C.E. Second Edition. 
Enlarged and rewritten, with over 240 Illustrations , Diagrams and Tables. 
Imp. Svo. 261-net. 

Contents : — Retaining Walls. Dams (Section). Weirs (Section). 
Piers, Arches, Abutments and Floors. Hydraulic Formulas. Canal 
Head Works — Part I. Submerged Diversion Weirs ; Part II. Under- 
sluices ; Part III. Canal Head Regulators. Canal Falls. Canal 
Regulation Bridges and Escape Heads. Canal Cross-Drainage Works. 
Design of Channels. Reservoirs and Tanks. Screw Gear for Tank 
Sluices and Roller Gates. Appendix. 

* # * Write to Messrs. Constable &» Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 

26 



Irrigation and Water Supply— continued. 

Notes on Irrigation Works. 

By N. F. Mackenzie, lion. M.A., Oxon. ; M.InstX.E. ; 

lately Under-Secretary for Irrigation to the Government of 

India. Demy Svo. 7/6 net. 

Contents : — Introductory. Statistics required for preparing an Irrigation 

Project. Types of Weirs. The Development of Irrigation in Egypt 

since 1884. On the Design of Irrigation Channels. Irrigation Revenue 

and Land Revenue in India. 



Telegraphy and Telephony 

The Propagation of Electric Currents in 
Telephone and Telegraph Conductors. 

By J. A. Fleming, M.A., D.Sc, F.R.5., Pender Professor 
of Electrical Engineering in the University of London. 

Preface. Mathematical Introduction. The Propagation of Electro- 
Magnetic Waves Along Wires. The Propagation of Simple Periodic 
Electric Currents in Telephone Cables. Telephony and Telegraphic 
Cables. The Propagation of Currents in Submarine Cables. The 
Transmission of High-Frequency and Very Low-Frequency Currents 
Along Wires. Electrical Measurements and Determination of the 
Constants of Cables. Cable Calculations and Comparison of Theory 
with Experiment. Loaded Cables in Practice. 

Second Edition, Demy 81/0. 8/6 net. 

Toll Telephone Practice. 

By J. B. Theiss, B.S., LL.B., and Guy A. Joy, B.E. 

With an Introductory Chapter. By Frank F. Fowle, 

S. B. Fully Illustrated. 14/- net. 

Contents. — Rural Telephone Equipment. Toll Cut-in Stations. Toll 
Positions at a Local Switchboard. Toll Switching Systems. Small 
Toll Switchboards. Multiple-Drop Toll Switchboards. Multiple- Lamp 
Toll Switchboards. Toll Connections to Local Automatic Systems. 
Supervisory Equipment and Toll Chief Operator's Desk. Toll Wire 
Chief's Desk. Simplex Systems. Composite Systems. Phantom 
Lines. Test and Morse Boards. Small Test Panels. Line Con- 
struction, Electrical Reactions in Telephone Lines. Cross Talk and 
Inductive Disturbances. Methods of Testing. Toll Line Maintenance. 
The Telephone Repeater. 

Radio-Telegraphy. 

By C. C. F. Monckton, M.I.E.E. 

With 173 Diagrams and Illustrations. Ex. Crown Svo. 6/- net. 

Maxwell's Theory and Wireless Telegraphy. 

Part I. — Maxwell's Theory and Hertzian Oscillations, by 

H. Poincare; translated by P. K. Vreeland Part II. — 

The Principles of Wireless Telegraphy, by P. K. Vreeland. 
Diagrams, Demy Svo. 10/6 net. 

%* Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Telegraphy and Telephony— continued. 



The Telegraphic Transmission of Photo- 
graphs. By T. Thorne Baker, F.C.S., F.R.P.S., A.I.E.E. 

With 66 Illustrations and Diagrams, Crown Svo. 2/6 net. 

Public Ownership of Telephones. 

By A. N. Holcombe. 8vo. 8/6 net. 

"We commend this book to the notice of all interested in the study of 
telephone development and administration." — Electricity. 



Electrical Engineering 

Application of Electric Power to Mines and 
Heavy Industries. 

By W. H. Patchell, M.Inst.Mech.E., M.InstX.E., 
M.I.M.E., M.Am.Inst.E.E. 10/6 net. 

Contents. — Electricity in Mines. Cables. Coal Cutters and Under- 
ground Details. Haulage Gears. Rating of Haulages. Winding 
Engines. Types of Electric Winders. Ventilation and Air Com- 
pressing. Pumping. Rolling Mills. Machine Tools and Cranes. 
Electric Welding and Furnaces. 

Electric Mechanism. Parti. 

SINGLE-PHASE COMMUTATOR MOTORS, rienet. 
By F. Greedy, A. C.Q.I,, A.M.I.E.E., Assoc.Am.I.E.E. 

Contents.— The Chief Types of Single-Phase Motor. Characteristics of 
Series Type Motors. Flux and Current Distribution in Alternating 
Current Motors. Series Type Motors. Single-Phase Shunt Type 
Motors. A more exact Theory of the Series Type Motors. Definitions 
and Preliminary Investigations. -The Effects of Magnetic Leakage on 
the Series Type Motors. Effects of Resistance, Saturation, and the 
Commutating Coil. Comparison of Theory with Experiment. 

Switches and Switchgear. 

By R. Edler. Translated, Edited and Adapted to English 
and American Practice by Ph. Laubach, A.M.I.E.E. 

Fully Illustrated. 12/6 net. 

Contents. — General Remarks on the Design of Switchgear. Connecting 
Leads — Cable Sockets — Connections — Copper Bars — Contact Blocks 
— Bolts. Contact Springs and Brushes — Carbon Contacts — Devices to 
Eliminate Sparking at the Main Contacts. Switches and Change-over 
Switches for Low Pressure 4 and Medium Pressure. High Pressure 
Switches. Fuses. Self-Acting Switches (Automatic Switches). 
Starting and Regulating Resistances — Controllers. 

*** Write to Messrs. Constable &> Co., Ltd., io, Orange Street, 
Leicester Square, for full particulars of any book. 
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Electrical Engineering— continued. 



Solenoids, Electromagnets and Electro- 
magnetic Windings. 

By Charles Underbill, Assoc.Mem.A.I.E.E. 

346 pages. Cloth. 218 Illustrations, Demy 8vo. 8/- net. 

Electrical Engineer's Pocket Book. <* foster." 

A Handbook of Useful Data for Electricians and 

Electrical Engineers. 

By Horatio A. Poster, Mem. A.I.E.E., Mem. A.S.M.E. 

With the Collaboration of Eminent Specialists. 
Fifth Edition, completely Revised and Enlarged. Pocket size. Leather bound. 
With thumb index. Over 1,600 pp. Illustrated. 21/- net. 

The Propagation of Electric Currents .in 
Telephone and Telegraph Conductors. 

By J. A. Fleming, M.A., D.Sc, F.R.5. (S^p. 27.) 

The Design of Static Transformers. 

By H. M. Hobart, B.Sc, M.InstX.E. 

Demy 81/0. Over 100 Figures and Illustrations. 6/- net. 

Electricity : A Text-book of Applied Elec- 
tricity. By H. M. Hobart, B.Sc, M.InstX.E. 

Heavy Electrical Engineering. 

By H. M. Hobart, B.Sc, M.InstX.E. 

Fully Illustrated with Diagrams, etc. Demy Svo. 16/- net. 

Electric Railway Engineering. 

By H. F. Parshall, M.InstX.E., etc, and H. M. Hobart, 

B.Sc, M.InstX.E. 476 pages and nearly 600 Diagrams and Tables. 
Imp. Svo. 42/- net. 

American Electric Central Station Distri- 
bution Systems. 

By Harry Barnes Gear, A.B., M.E., Associate Member 
American Institute of Electrical Engineers, and Paul 
Francis Williams, E.E., Associate Member American 
Institute of Electrical Engineers. Fully illustrated. 12/- net. 



%* Write to Messrs. Constable S* Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Electrical Engineering— continued. 



Electric Railways : Theoretically and Prac- 
tically Treated. 

Illustrated with Numerous Diagrams. Demy Svo. Price 10/6 net each volume. 

Sold separately. 
By Sidney W. Ashe, B.5., Department of Electrical 
Engineering, Polytechnic Institute of Brooklyn, and 
J. D. Keiley, Assistant Electrical Engineer, N.Y.C. and 
ri.xv.Iv.rv. 
Vol. I. — Rolling Stock. 

Vol. II. — Engineering Preliminaries and Direct-Current Sub- 
Stations. 

Electric Lamps. 

By Maurice Solomon, A.M.I.E.E. 6/- net. 

Hydroelectric Developments and Engineering. 

A Practical and Theoretical Treatise on the Develop- 
ment, Design, Construction, Equipment and Operation 
of Hydroelectric Transmission Plants. 

By Frank Kttester, Author of " Steam - Electric Power 

Plants." 479 pH iS * 500 Illustrations. 45 Tables. Imperial 8vo. 
21/- net. 

Steam-Electric Power Plants. 

A Practical Treatise on the Design of Central Light 
and Power Stations and their Economical Con- 
struction and Operation. 

By Frank Koester. 474 pages. Fully Illustrated. Cr. 4to. 2i/-*#f 

Electric Power Transmission. jJTJfSEU 

A Practical Treatise for Practical Men. 
By Louis Bell, Ph.D., M.Am.I.E.E. 

With 350 Diagrams and Illustrations. Demy Svo. 16/- net. 

The Art of Illumination. 

By Louis Bell, Ph.D. M.Am.I.E.E. 

Fully Illustrated. 345 pages. Demy Svo. 10/6 net. 

Electric Power and Traction. 

By F. H. Davies, A.M.I.E.E. 

With 66 Illustrations. Ex. Crown Svo. 6j~ net. 

Industrial Electrical Measuring Instruments. 

By Kenelm Edgcumbe, A.M.Inst.C.E., M.I.E.E. 

240 pp. 126 Illustrations. Demy Svo. 8/- net. 

%* Write to Messrs. Constable S* Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Electrical Engineering— continued. 



Laboratory and Factory Tests in Electrical 
Engineering. 

By George P. Sever and Fitzhugh Townsend. 

Second Edition. Thoroughly revised. 282 pages. Demy Svo. 12 16 net. 

The Theory of Electric Cables and Net- 
works. By Alexander Russell, M.A., D.Sc. 

Illustrated. Demy Svo. 8/- net. 

Testing Electrical Machinery. 

By J. H. Morecroft and P. W. Hehre. 61- net. 

Continuous Current Engineering. 

By Alfred Hay, D.Sc, M.I.E.E. 

About 330 pages. Fully Illustrated. Demy Svo. 5/- net. 

Direct and Alternating Current Testing. 

By Frederick Bedell, Ph.D., Professor of Applied Electricity, 

Cornell University. Assisted by Clarence A. Pierce, Ph.D. 

Demy Svo. Illustrated. 8/- net. 

" It will be found useful by teachers, students, and electrical engineers 
in general practice." — Electrical Engineer. 

Internal Wiring of Buildings. jJSLFSft* 

By H. M. Leaf, M.I.Mech.E., etc. Fully Illustrated. Crown Svo. 
3/6 net. 

Searchlights : Their Theory, Construction 
and Application. 

By P. Nerz. Translated from the German by Charles 

Rodgers, Fully Illustrated. Royal Svo. 7/6 net. 



Electro-Chemistry, etc. 

Experimental Electro-Chemistry. 

By N. Monroe Hopkins, Ph.D., Assistant Professor of 
Chemistry in The George Washington University, 

Washington, D.C. 
With 130 Illustrations. Demy Svo. 12/- net. 

\* Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Electro • Chemistry 9 etc. —continued. 
Practical Electro-Chemistry. second Edition, Revised. 

By Bertram Blount, F.S.C., F.C.S., Assoc.Inst.CE. 

Illustrated. Demy 81/0. 15/- net. 

Electro-Metallurgy. 

By J. B. C. Kershaw, P.I.C. 

With 61 Illustrations. Ex. Crown Svo. 6/- net. 

Electric Furnaces. By j. Wright. 

New 2nd Edition, Revised and Enlarged. With 67 Illustrations. Demy 8vo. S/6 net. 

Contents: — Introductory and General. Efficiency of the Electric 
Furnace. Arc Furnaces. Resistance Furnaces. Carbide Furnaces. 
Smelting and Ore Reduction in the Electric Furnace. Dis- 
tillation of Metals. Electrolytic Furnaces. Laboratory Furnaces 
and Dental Muffles. Tube Furnaces. Glass Manufacture in the Electric 
Furnace. Electrodes and Terminal Connections. Furnace Thermometry. 



Lighting 

Electric Lamps. 

By Maurice Solomon, A.C.G.I., A.M.I.E.E. 

Illustrated. Ex. Crown 8vo. 6/- net. 

The Art of illumination. 

By Louis Bell, Ph.D., M.Am.I.E.E. 

Fully Illustrated. 345 pages. Demy Svo. 10/6 net. 

Town Gas and its Uses for the Production 
of Light, Heat, and Motive Power. 

By W. H. Y. Webber, C.E. 

With 71 Illustrations. Ex. Crown Svo, 6/- net. 



Thermodynamics 

Entropy ; Or, Thermodynamics from an Engineer's 

Standpoint, and the Reversibility of Thermodynamics. 
By James Swinburne, M.Inst.C.E., M.Inst.E.E., etc. 

Illustrated with Diagrams. Crown Svo. 4/6 net. 

Applied Thermodynamics for Engineers. 

By William D. Ennis, M.E., M.Am.Soc.Mech.E. Pro- 
fessor of Mechanical Engineering in the Polytechnic 
Institute of Brooklyn. With 316 Illustrations. Royal Svo. i\\-net. 

*** Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Thermodynamics— continued. 



Technical Thermodynamics. 

By Dr. Gustav Zeuner. First English Edition. From 
the fifth complete and revised edition of " Grundzuge der 
Mechanischen Warmetheorie." 

Vol. I. — Fundamental Laws of Thermodynamics ; Theory of Gases. 
Vol. II. — The Theory of Vapours. 

Authorised translation by J. P. Klein, D.E., Professor of 
Mechanical Engineering, Lehigh University. 
Illustrated. 2 volumes. Demy 8vo. 36/- net. 

A Text-Book of Thermodynamics. 

By J. R. Partington, of the University of Manchester. 

14/- net. • ^^^^ 

Physics and Chemistry 

Industrial Chemistry : A Manual for the Student and 

Manufacturer. 
Edited by Allen Rogers, in charge of Industrial Chemistry, 
Pratt Institute, Brooklyn, N.Y. ; and Alfred B. Aubert, 

formerly Professor of Chemistry in the University of Maine, 
in collaboration with many experts, containing 340 Illus- 
trations. Royal 8vo. 24/- net. 
Contents. — General Processes. Materials of Construction. Water for 
Industrial Purposes. Fluids. Producer Gas. Power Transmission, 
Boilers, Engines and Motors. Sulphuric Acid. Nitric Acid. Salt 
and Hydrochloric Acid. Commercial Chemicals. Chlorine and Allied 
Products. Electrochemical Industries. Lime, Cement and Plaster. 
Clay, Bricks and Pottery. Glass. Dutch Process White Lead. 
Sublimed White Lead. Pigments, Oils and Paints. The Metallurgy 
of Iron and Steel. Fertilizers. Illuminating Gas. Coal Tar and its 
Distillation Products. The Petroleum Industry. The Destructive 
Distillation of Wood. Oils, Fate and Waxes. Lubricating Oils. 
Soaps, Glycerine and Candles. Laundering. Essential Oils, Synthetic 
Perfumes, and Flavouring Materials. Resins, Oleo- Resins, Gum- 
Resins and Gums. Varnish. Sugar. Starch, Glucose, Dextrin and 
Gluten. Brewing and Malting. Wine Making. Distilled Liquors. 
Textiles. Dyestuffe and Their Application. The Art of Paper Making. 
Explosives. Leather. Vegetable Tanning Materials. Glue and 
Gelatine. Casein. 

Problems in Physical Chemistry. With Practical 

Applications. 
By E. B. R. Prideaux, M.A., D.Sc, with a Preface by 
F. Q. Donnan, M.A., Ph.D., F.R.S. 7/6 «^. 

Contents. — Prefaces. Mathematical Methods and Formulae. Table of 
Logarithms (folder at end). List of Symbols and Abbreviations. 
Units and Standards of Measurement. Thermochemistry. Systems 
of One Component. Mixtures. Gas Reactions. Reactions in Solu- 
tion. Electromotive Force. Kinetics of Molecular and Radioactive 
Change. 

%* Write to Messrs. Constable &* Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Physics and Chemistry— continued. 

The Theory of Ionization of Gases by 
Collision. 

By John S. Townsend, M.A., F.R.S., Wykeham Pro- 
fessor of Physics in the University of Oxford. 
Crown Svo. 3/6 net. 

Chemical Theory and Calculations : An 

Elementary Text-book. 
By Forsyth J. Wilson, D.Sc (Edin.), Ph.D. (Leipzig:), 
and Isodor M. Heilbron, Ph.D. (Leipzig), F.I.C., 
A.R.T.C. 2/6 net. 

Radio-Activity and Geology. 

By John Joly, M.A., Sc.D., F.R.S., Professor of Geology 

and Mineralogy in the University of Dublin. 
Crown Svo. 7/6 net. 

The Corpuscular Theory of Matter. 

By Sir J. J. Thomson, M.A., F.R.S., D.Sc, LL.D., Ph.D., 

Professor of Experimental Physics, Cambridge, and Pro- 
fessor of Natural Philosophy at the Royal Institution, 
London. Demy Svo. 7/6 net. 

Electricity and Matter. 

By Sir J. J. Thomson, M.A., F.R.5., D.Sc, LL.D., Ph.D., 

Crown Svo. 5/- net. 

The Discharge of Electricity through Gases. 

By Sir J. J. Thomson, M.A., F.R.S., D.Sc, LL.D., Ph.D. 

Crown Svo. 4/6 net. 

The Electrical Nature of Matter and Radio- 
activity. 

By H. C. Jones, Professor of Physical Chemistry in the 

Johns Hopkins University. 
Second Edition. Revised and largely rewritten. Demy Svo. 8/- net. 

Radio-Active Transformations. 

By Ernest Rutherford, F.R.S., Professor of Physics at 

the McGill University, Montreal, Canada. 
Fully Illustrated. Demy Svo. 16/- net. 

. L -1 J ■ J ' " —' " , " ■ " "" — ' — ' ' ' .,..1.- 
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Physics and Chemistry— continued. 



Principles of Microscopy. 

Being an Introduction to Work with the Microscope. 
By Sir A. E. Wright, M.D., F.R.S., D.Sc., Dublin, 
(Honoris Causa) F.R. C.S.I. (Hon.). 

With many Illustrations and Coloured Plates. Imp. Svo. 21/- net. 

Experimental and Theoretical Applications 
of Thermodynamics to Chemistry. 

By Professor Walter Nernst, University of Berlin. 

Ex. Crown Svo. 5/- net. 

Vapours for Heat Engines. 

By William D. Ennis, M.E., Mem.Am.5oc.M.E., Pro- 
fessor of Mechanical Engineering in the Polytechnic 
Institute of Brooklyn, Author of "Applied Thermo- 
dynamics for Engineers," etc. With 21 Tables and 17 
Illustrations. Demy 8vo. 6j-net. 

Considerations relating to the use of Fluids other than Steam 
for Power Generation : A Study of desirable Vacuum Limits 
in Simple Condensing Engines : Methods for Computing 
Efficiences of Vapour Cycles with Limited Expansion and 
Superheat : A Volume-Temperature Equation for Dry Steam 
and New Temperature — Entropy Diagrams for Various 
Engineering Vapours. - 

Chemistry of the Oil Industries. 

By J, E. Southcombe, M.Sc, Lecturer on Oils and 

Fats, Royal Salford Technical Institute, etc. 7/6 net. 

Contents : — Preface. Introductory Organic Chemistry. Mineral Oils. 
Petroleum and Shale. Mineral Oil Refining. Natural Sources and 
Methods of Preparation of the Saponifiable Oils and Fats. Impurities 
occurring in Crude Oils and Fats and the Technical Methods of 
Removing them. Composition and Properties of the Saponifiable 
Oils and Fats in General. Composition and Properties of the 
Individual Oils and Fats of Commercial Importance. The Natural 
Waxes, their Composition, and Properties. Analytical Methods. 
Industrial Applications of Fats and Oils. Burning Oils. Edible Oils and 
Margarines. Polymerised, Boiled and Blown Oils. Turkey-Red Oils. 
Saponification of Fats and Oils on a Technical Scale. The Distillation 
of Fatty j Acids. Oleines and Stearines. Candle Manufacture. Soap 
Making. Glycerine. Conclusion : Scientific and Technical Research 
on Problems in the Oil and Related Industries. Literature. 



* 



Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 



35 



Physics and Chemistry— continued. 

Text-Book of Physics. 

By H. E. Hurst, B.A., B.Sc, Hertford College, Oxford, 
late Demonstrator in Physics in the University Museum, 
Oxford, and R. T. Lattey, M.A., Royal Naval College, 
Dartmouth, late Demonstrator in Physics in the 
University Museum, Oxford. 

Illustrations and Diagrams, Demy Svo. 8/6 net. 

Now published also in three volumes, at the request of many 
teachers. Each part is sold separately. 

Part I. — Dynamics and Heat. 3/6 net. 

Part II. — Light and Sound. 3/6 net. 

Part III. — Magnetism and Electricity, ^l-net. 

Introduction to the Chemistry and Physics 
of Building Materials. 

By Alan E. Munby, M.A. (Cantab.)* Demy Svo. 61- net. 

Exercises in Physical Chemistry. 

By Dr. W. A. Roth, Professor of Chemistry in the 
University of Greifswald. Authorised Translation by 
A. T. Cameron, M.A., B.Sc, of the University of 
Manitoba. Illustrated. Demy Svo. 6/- net. 

• The Chemistry of Paints and Paint Vehicles. 

By C. H. Hall, B.S. Crown Svo. 8/- art. 

Liquid Air and the Liquefaction of Gases, jjjjjf. 

By T. O'Conor Sloane, M.A., M.E., Ph.D. 

Many Illustrations. Demy Svo. 10/6 net. 

Chemical Re-agentS : Their Purity and Tests. 

A New and Improved Text, Based on and Replacing 

the Latest Edition of Krauch's Manual. 
By E. Merck. Translated by H. Schenck. 250 pages. Demy 

Svo. 6/- net. 

Van Nostrand's Chemical Annual. 

A Handbook of Useful Data for Analytical, Manu- 
facturing, and Investigating Chemists, and Chemical 
Students. 

Edited by John C. Olsen, M.A., Ph.D., Professor of 
Analytical Chemistry, Polytechnic Institute, Brooklyn; 
with the co-operation of Eminent Chemists. Nearly 100 Tables. 
Crown Svo. 12/6 net. 

*** Write to Messrs. Constable £• Co., Ltd., 10, Orange Street, 
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Physics and Chemistry— continued. 

----- — - — i 

Practical Methods of Inorganic Chemistry. 

By F. Mollwo Perkin, Ph.D. 

With Illustrations. Crown Svo. 2/6 net. 

Contemporary Chemistry. 

By E. E. Fournier D'Albe, B.Sc, A.R.C.S., M.R.I.A., 

Author of "The Electron Theory," etc. ^j-net. 
Special attention has been paid to physical chemistry and to current 

attempts at physical and electrical theories of chemical phenomena. 
Contents : — Preface. The Situation. A Retrospect. The Molecule. 

States of Aggregation. Optical Chemistry. The Theory of Solutions. 

Osmotic Pressure. Affinity. Valency. Chemistry and Electricity. 

Chemical Analysis. Crystallisation. Carbon Compounds. Chemistry 

and Life. The Chemistry of Metals. Industrial Chemistry. The 

Atomic Theory. Radioactivity. The Chemistry of the Future. Name 

Index. Subject-Matter Index. 

The Identification of Organic Compounds. 

By Q. B. Ncave, M.A., D.Sc, and I. M. Heilbron, Ph.D., 

F. I.C., etc. Crown Svo. 4/- net. 

Dairy Laboratory Guide. 

By C. W. Melick, B.S.A., M.S. Crown Svo t with 52 Illustrations. 
5/- n$t. 

Detection of Common Food Adulterants. 

By Prof. E. M. Bruce. Crown *v°- 5l- net. 

A handbook for health offioers, food inspectors, chemistry teachers and 
students. 

The Chemistry of Dyeing and Bleaching of 
Vegetable Fibrous Materials. 

By Julius Hiibner, M.Sc. Tech.,F.I.C. 

Demy Svo. Illustrated. 14/- net. 

Contents : — The Vegetable Fibres. Water. Chemicals and Mordants. 
Bleaching. Mercerising. Mineral Colours. The Natural Colouring 
Matters. Basic Cotton Dyestuflfs. Substantive Cotton Dyestuffs. 
Sulphur Dyestuffs. Acid and Resorcine Dyestuffs. Insoluble Azo- 
Colours, produced on the fibre. The Vat Dyestuffs. Mordant Dye- 
stuffs. Colours produced on the fibre by Oxidation. Dyeing 
Machinery. Estimation of the Value of Dyestufls. Appendix. 
Index. 

The Chemistry of the Coal Tar Dyes. 

By Irving W. Fay, Ph.D. (Berlin). 

Demy Svo. 470 pages, 16/- net. 

*** Writ* to Messrs. Constable & Co., Ltd., 10, Orange Street, 
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Physics and Chemistry— continued. 



The Chemistry of the Rubber Industry. 

By Harold E. Potts, M.Sc. Member International Rubber 

Testing Committee. 5/- net. 
Contents: — The Colloidal State. Raw Rubber. Gutta-Percha and 
Balata. Mixing. Vulcanisation, History. Vulcanised Rubber. 

The Colloidal and Crystalloidal State of 

Matter. With numerous Illustrations, 

By H. E. Potts, M.Sc, and W. J. Breitland. .Translated 
from the German of Professor P. Rohland. 

Crown Svo. 4/- net. 

Nitrocellulose Industry. 

By Edward Chauncey Warden, Ph.C, M.A., F.C.S. 

2 vols. 1,240 Pages. 324 Illustrations. Sm. tfo. 42/- net. 
A compendium of the history, chemistry, manufacture, commercial 
application and analysis of nitrates, acetates and Xanthates of cellulose as 
applied to the peaceful arts, with a chapter on gun cotton, smokeless 
powder and explosive cellulose nitrates. 

Materials for Permanent Painting. 

By M. Toch, F.C.S. 

Frontispiece in Colour and other Illustrations. Crown 8vo. 7/6 net. 

A manual for manufacturers, art dealers, artists and collectors, 
explaining the composition of the materials used in painting. 



Mathematics 

The Calculus and its Applications. A Practical 

Treatise for Beginners, especially Engineering 

Students. With over 400 examples, many of them 

fully worked out. 
By Robert Gordon Blaine, M.E., Assoc. M.Inst. C.E. 

Principal Secretary Co. Antrim Joint Technical Education 
Department. Formerly Lecturer at the City Guilds' , 
Technical College, ' Finsbury, London, etc. Author of 
"Hydraulic Machinery," " Lessons in Practical Mechanics," 
" The Slide Rule," etc. 
Crown 8vo, 4/6 net. 

Integration by Trigonometric and Imaginary 

Substitution. By Charles O. Gunther, with an 
Introduction by J. Burkett Webb, C.E. Demy Svo. 5/- net. 

%* Write to Messrs. Constable & Co., Ltd., 10, Orange Street, 
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Mathematics— continued. 



Mathematics for the Practical Man. 

By George Howe, M.E. 

Crown Svo. 5/- net. 

A short work explaining all the elements of Algebra, Geometry, 
Trigonometry, Logarithms, Co-ordinate Geometry, and Calculus. 

Quaternions, as the Result of Algebraic 
Operations. 

By Arthur Latham Baker, Ph.D. 

Ex. Crown Svo. 6/- net. 

The Practical Mechanic's Handbook, 

By F. E. Smith. 4/6 net. 

Contents : — Arithmetic. Arithmetical Signs and Characters and 

Explanation of Solving Formula. Mensuration. How the Dimensions, 

Measurements, and Weight of Different Shaped Vessels is Found. 

The Primary or Simple Machines. Strength of Materials and Questions 

Relating to Stress. 



Manufacture and Industries 

Chemistry of the Oil Industries, 

By J # E. Southcombe, M.Sc*, Lecturer on Oils and Fats, 
Royal Salford Technical Institute, etc. 7/6 net. 

Contents : — Preface. Introductory Organic Chemistry. Mineral Oils. 
Petroleum and Shale. Mineral Oil Refining. Natural Sources and 
Methods of Preparation of the Saponifiable Oils and Fats. Impurities 
occuring in Crude Oils and Fats and the Technical Methods of 
Removing them. Composition and Properties of the Saponifiable Oils 
and Fats in General. Composition and Properties of the Individual 
Oils and Fats of Commercial Importance. The Natural Waxes, their 
Composition and Properties. Analytical Methods. Industrial Applica- 
tions of Fats and Oils. Burning Oils. Edible Oils and Margarines. 
Polymerised, Boiled and Blown Oils. Turkey- Red Oils. Saponification 
of Fats and Oils on a Technical Scale. The Distillation of Fatty 
Acids. Oleines and Stearines. Candle Manufacture. Soap-Making 
Glycerine. Conclusion : Scientific and Technical Research on 
Problems in the Oil and Related Industries. Literature. 

Materials used in Sizing. 

By W. F. A. Ermen. 5 /« net. 

Contents : — The Starches and other Agglutinants. Weighting Materials. 
Softening Ingredients. Antiseptics. Analysis of Sized Warps and 
Cloth. The Preparation of Normal Volumetric Solutions. Tables. 

%* Write to Messrs. Constable <&■ Co., Ltd., 10, Orange Street, 
Leicester Square, for full particulars of any book. 
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Manufacture and Industries— continued. 



Mineral and Aerated Waters, and the 
Machinery for their Manufacture. 

By C. Answorth Mitchell, B.A. (Oxon.), P.l.C. 8/6 net. 

Contents : — Origin and Properties of Natural Mineral Waters. Gases 
in Natural Waters. Holy Wells. The Zem-Zem Well at Mecca. Spas 
and their Springs. Natural Mineral Table Waters. Thermal Springs 
and Radio-activity. Temperatures. Helium and Nitron in Mineral 
Waters. Measurement of Radio-activity. Artificial Radio-active 
Mineral Waters. Carbon Dioxide. Its Preparation, Properties, and 
Uses in the Mineral Water Factory. Artificial Mineral Waters. 
Evolution of Carbonating Apparatus. The Machinery of to-day : The 
Pump. Generators. Gas Tubes. Soda Water Machines. Combined 
Cooling, etc. Condensers. Soda Water Bottling Machinery. Arrange- 
ment of a Soda Water Factory. Bottles and Bottling Machinery. 
The Making of Ginger Beer. Examination of Mineral Waters : 
General Characteristics. The Pressure. Metallic Contaminations. 
Baslerioscopic Examinations. Injurious Fermentations — Ropiness. 

The Manufacture of Paper. 

By R. W. Sindall, F.C.S. Illustrated. Ex. Crown Svo. 6/- net. 

Contents :— Preface. List of Illustrations. Historical Notice, Cellulose 
and Paper-Making Fibres. The Manufacture of Paper from Rags, 
Esparto and Straw. Wood Pulp and Wood Pulp Papers. Brown 
Papers and Boards. Special kinds of Paper. Chemicals used in Paper- 
making. The Process of " Beating." The Dyeing and Colouring of 
Paper Pulp. Paper Mill Machinery. The Deterioration of Paper. 
Bibliography. Index. 

Glass Manufacture. 

By Walter Rosenhain, Superintendent of the Department 

of Metallurgy in the National Physical Laboratory. 

With Illustrations. Ex. Crown Svo. 6/- net. 

Contents : — Preface. Physical and Chemical Properties of Glass. The 
Raw Materials of Glass Manufacture. Crucibles. Furnaces for the 
Fusion of Glass. The Process of Fusion. Processes used in the 
'Working of Glass. Bottle Glass. Blown and Pressed Glass. Rolled 
or Plate Glass. Sheet and Crown Glass. Colored Glass. Optical 
Glass. Miscellaneous Products. Appendix. 

Decorative Glass Processes. 

By Arthur Louis Duthie. Fully Illustrated. Ex. Crown Svo. 6/- net. 

Contents : — Introduction. Various Kinds of Glass in Use : Their 
Characteristics, Comparative Frice, etc. Leaded Lights. Stained 
Glass. Embossed Glass. Brilliant Cutting and Bevelling. Sand- 
Blast and Crystalline Glass. Gilding. Silvering and Mosaic. Pro- 
prietary Processes. Patents. Glossary. 
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Manufacture and Industries— continued. 

The Manufacture of Leather. 

By Hugh Garner Bennett, M.Sc., F.C.S., Member of the 

International Association of Leather Trade Chemists. 
Crown Svo. Fully Illustrated. 16/- net. 

Cotton . 

By Prof. C. W. Burkett and Clarence H. Poe. 

Fully Illustrated. Demy Svo. 8/6 net. 

Cotton Seed Products. 

A Manual of the Treatment of Cotton Seed for its 
Products and their Utilization in the Arts. 

By Leebert Lloyd Lamborn, Member of the American 
Chemical Society; Member of the Society of ChemicaJ 

Industry. With 79 Illustrations and a map. Demy Svo. 12/6 net. 

Linseed Oil and other Seed Oils. 

An Industrial Manual by William D. Ennis, M.E., 
M.Am.Soc.M.E., Professor of Mechanical Engineering, 
Polytechnic Institute of Brooklyn. Medium Svo. Illustrated. 
16/- net. 
Contents. — Introductory. The Handling of Seed and the Disposition 
of Its Impurities. Grinding. Tempering the Ground Seed and 
Moulding the Press Cake. Pressing and Trimming the Cakes. 
Hydraulic Operative Equipment. The Treatment of the Oil from the 
Press to the Consumer. Preparation of the Cake for the Market. Oil 
Yield and Output. Shrinkage in Production. Cost of Production. 
Operation and Equipment of Typical Mills. Other Methods of Manu- 
facturing. The Seed Crop. The Seed Trade. Chemical Character: 
istics of Linseed Oil. Boiled Oil. Refined and Special Oils. The 
Linseed Oil Market. The Feeding of Oil Cake. Miscellaneous Seed 
Oils. The Cotton-Seed Industry. Appendix. Glossary. Biblio- 
graphical Note. 

Textiles and their Manufacture. 

By Aldred F. Barker, M.Sc. 

Fully Illustrated. Ex. Crown Svo. 6/- net. 

Contents. — The History of the Textile Industries ; also of Textile 
Inventions and Inventors. The Wool, Silk, Cotton, Flax, etc., 
Growing Industries. The Mercerized and Artificial Fibres Employed 
in the Textile Industries. The Dyeing of Textile Materials. The 
Principles of Spinning. Processes Preparatory to Spinning. The 
Principles of Weaving. The Principles of Designing and Colouring. 
The Principles of Finishing. Textile Calculations. The Woollen 
Industry. The Worsted Industry. The Dress-Goods, Stuff", and 
Linings Industry. The Tapestry and Carpet Industry. Silk Throwing 
and Spinning. The Cotton Industry. The Linen Industry Historically 
and Commercially Considered. Recent Developments and the Future 
of the Textile Industries. 
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Manufacture and Industries— continued. 

Glues and Gelatine. 

A Practical Treatise on the Method^ of Testing 
and Use. By R. Livingston Fernbach. DemySvo. 10/6 net. 

Agglutinants and Adhesives of All Kinds 

for all Purposes. By H. C. Standage. Demy Svo. 
6/- net. 

The Chemistry of the Rubber Industry. 

By Harold E. Potts, M.Sc. 5/- net. (See p. 38.) 

India-Rubber and its Manufacture, with 
Chapters on Gutta-Percha and Balata. 

By H. L. Terry, F.I.C., Assoc. Inst. M.M. 

With Illustrations. Ex. Crown Svo. 6/- net. 

Nitrocellulose Industry. 

By Edward Chauncey Warden, Ph.C, M.A., F.C.S. 

2 vols. 1,240 pages. 324 Illustrations. Sm. $to. 42/- net. (See p. 38.) 

Materials for Permanent Painting. 

By M. Toch, F.C.S. Frontispiece in Colour and other Illustrations. 

Crown 8vo. 7/6 net. 
A manual for manufacturers, art dealers, artists and collectors explaining 
the composition of the materials used in painting. 

The Basic Open-Hearth Steel Process. 

By Carl Dichmann. (See p. 15.) 

Wood Pulp. By Charles F. Cross, B.Sc, F.l.C. ; E. J. 
Bevan, F.I.C., and R. W. Sindall, F.C.S. 

Fully Illustrated. 6/- net. 
Contents. — The Structural Elements of Wood. Cellulose as a Chemical. 
Sources of Supply. Mechanical Wood Pulp. Chemical Wood Pulp. 
The Bleaching of Wood Pulp. News and Printings. Wood Pulp 
Boards. Utilisation of Wood Waste. Testing of Wood Pulp for 
Moisture. Wood Pulp and the Textile Industries. Bibliography. 
Index. 

History of the Frozen Meat Trade. 

By J. C. Critchell and J. Raymond. 10/6 net. 
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Arts and Crafts. 



Arts and Crafts 

Simple Jewellery. 

A Practical Handbook with Certain Elementary 
Methods of Design and Construction, written for 
the Use of Craftsmen, Designers, Students and 
Teachers. By R. LI. B. Rathbone. 

Ex. Crown Svo. 94 Illustrations. Second Impression. 6/- net. 

The Potter's Craft. A Practical Guide for the Studio 

and Workshop. By Charles F. Binns, late Superintendent 

Royal Porcelain Works, Worcester. With 42 Illustrations. 
Crown Svo. 6/- net. 

Precious Stones. 

x By W. Goodchild, M.B., B.Ch. With 42 Illustrations. 
With a Chapter on Artificial Stones. By Robert 

Dykes. Illustrated. Ex. Crown Svo. 6/- net. 

Enamelling. On the Theory and Practice of Edition. 
Art Enamelling upon Metals. By Henry Cunyng- 

hame, M.A., C.B. Two Coloured Plates and 20 Illustrations. 
Crown Svo. 6/- net. 



Useful Handbooks and Tables 

The Practical Mechanic's Handbook. (^ p . 39 .) 

By F. E. Smith. 

Materials used in Sizing. (s« P . 39.) 

By W. F. A. Ermen. 

Reference Book for Statical Calculations. 

By Francis Ruff. 

Crown 8vo. 160 Illustrations. Charts and Diagrams. 4/- net. 

Handbook for the Care and Operation of 

Naval Machinery. By Lieut. H. C. Dinger, U.S. Navy. 

Cloth. 302 Pages. 124 Illustrations. Pocket size. Price 7/6 net. 

Pricing of Quantities. 

Showing a Practical System of preparing an Estimate 

from Bills of Quantities. By George Stephenson, 

Author of " Repairs " " Quantities," etc. 
Demy Svo. 8/- net. 

%* Write to Messrs. Constable &* Co., Ltd., 10, Orange Street, 
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43 



Useful Handbooks and Tables— continued. 
The Law affecting Engineers. 

By W. Valentine Ball, M.A. (Cantab.), Barrister-at-Law, 

Joint Editor of " Emden's Building Contracts." 
Demy Svo. 10/6 net. 

A concise statement of the powers and duties of an engineer, as 
between employer and contractor, as arbitrator and as expert witness, 
together with an outline of the law relating to engineering contracts, and 
an appendix of forms of contract, with explanatory notes. 

Tables of Multiplication, Division and Pro- 

portion : For the Ready Calculation of Quantities 

and Costs, Estimates, Weights and Strengths, Wages 
and Wage Premiums. 
By Prof. R. H. Smith, A.M.Inst.C.E., M.I.E.E., etc. 2/6 net. 

.Lettering . Revised and Enlarged. 

For Draughtsmen, Engineers and Students. 
By Chas. W. Reinhardt. 4/-**;. 

The New Steam Tables. Calculated from Professor 
Callendar's Researches. 
By Professor C. A. M. Smith, M.Sc, and A. Q. Warren, 

S.Sc 4/- net. 



Natural History, Botany, Nature 

Study, etc. 

Natural History in Zoological Gardens. 

Being some Account of Vertebrated Animals, with special 
reference to those usually to be seen in the zoological 
Society's Gardens in London and similar Institutions. By 
Frank E. Beddard, F.R.S., etc. Illustrated by Gambler Bolton 
and Winifred Austen. Crown Svo. 3/6 net. New and Cheaper Edition. 

Extinct Animals. 

By Sir E. Ray Lankester, F.R.S. 

With a Portrait of the Author and 218 other Illustrations . New and Revised 
Edition. Demy Svo. 3/6 net. 
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Natural History, Botany, Nature Study, 

etc* — continued. 

From an Easy Chair. 

By Sir E. Ray Lankester, F.R.S. 

Crown Svo. Paper, i/- net ; Cloth, 2/- net. 

These informal talks on scientific matters that are recurring in general 
conversation, range over a wide variety of subjects. It is a book to be 
dipped into in leisure moments ; for though its subject-matter is for the 
most part scientific every word is readable and instructive. 

The Stone Age in North America. 

By Warren K. Moorhead. 

In 2 Volumes. 900 pages. With about 700 Illustrations, including 6 in Colour, 
12 in Photogravure and Several Maps. Crown 4*0. 315. 6d. net. 
An archaeological encyclopaedia of the implements, ornaments, weapons, 

utensils, etc., of the prehistoric tribes of North America. The work is 

the result of twenty years' exploration and study. 

Distribution and Origin of Life in America. 

By R. F. Scharff, B.Sc, Ph.D., F.L.S. 

Numerous Illustrations. Large Crown Svo. 10/6 net. 

European Animals : Their Geological History and 

their Geographical Distribution. 
By R. F. Scharff, B.Sc, Ph.D., F.L.S. 

Numerous Illustrations. Large Crown Svo. 7/6 net. 

% 

The Nature Student's Note Book. 

By Rev. Canon Steward, M.A., and Alice E. Mitchell. 

Containing Nature Notes, Diary, Classification of Plants, Trees, Animals, 
and Insects in detail. 
' Interleaved with writing paper. Foolscap Svo. 2/- net. 

Fishes, A Guide to the Study of. 

By David Starr Jordan, President of Leland Stanford 

Junior University. With Coloured Frontispieces and 427 Illustrations. 
In 2 Volumes. Folio. 50/- net. 

American Insects. 

By Professor Vernon L. Kellogg. With many original 
Illustrations by Mary Wellman. Square Svo. 21/- net. 

Life Histories of Northern Animals. An 

Account of the Mammals of Manitoba. 
By Ernest Thompson Seton, Naturalist to the Govern- 
ment of Manitoba. 

In two volumes. Large Svo. Over 600 pages each. With 70 Maps and 600 
Drawings by the Author. Price 73/6 the set. Prospectus on application. 

* # * Write to Messrs. Constable &> Co., Ltd., 10, Orange, Street, 
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Natural History, Botany, Nature Study, 

CtC. — continued. 



Influences of Geographic Environment. 

By E. C. Semple, Author of " American History and its 

Geographic Conditions." 

Med. 8vo. 700 pages. 18/- net. 

Contents: — Preface. Operation of Geographic Factors in History. 
Classes of Geographic Influences. Society and State in Relation to 
Land. Movements of Peoples in their Geographical Significance. 
Geographical Location. Geographical Area. Geographical Boundaries. 
Coast Peoples. Oceans and Enclosed Seas. Man's Relation to the 
Water. The Anthropo- Geography of Rivers. Continents and their 
Peninsulas. Island Peoples. Plains, Steppes and Deserts. Mountain 
Barriers and their Passes. Influences of a Mountain Environment. 
The Influences of Climate upon Man. Index. 

Outlines of Evolutionary Biology. 

By Arthur Dendy, D.Sc., F.R.S., Professor of Zoology 
in the University of London (King's College) ; Zoological 
Secretary of the Linnean Spciety of London ; Honorary 
Member of the New Zealand Institute ; formerly Professor 
of Biology in the Canterbury College (University of New 
Zealand), and Professor of Zoology in the South African 

College, Cape Town. Second Edition, enlarged, and with a Glossary. 
Fully Illustrated. 12/6 net. 

Contents: — The Structure and Functions of Organisms. The Cell 
Theory. The Evolution of Sex. Variation and Heredity. The Theory 
and Evidence of Organic Evolution. Adaptation. Factors of Organic 
Evolution. Glossary of Technical Terms. 

Plant Physiology and Ecology.- 

By Frederic Edward Clements, Ph.D., Professor of Botany 
in the University of Minnesota. With 125 Illustrations. 

Demy Svo. 8/6 net. 

Indian Trees. 

An Account of Trees, Shrubs, Woody Climbers, 
Bamboos* and Palms, Indigenous or Commonly Cul- 
tivated in the British Indian Empire. 

By Sir Dietrich Brandis, K.C.I. E., Ph.D. (Bonn), LL.D. 
(Edin.)* F.R.5., F.L.S., F.R.G.S., and Hon. Member of 
the Royal Scottish Arboricultural Society, of the Society 
of American Foresters, and of the Pharmaceutical Society 
of Great Britain. Assisted by Indian Foresters. 

With many Illustrations. Demy 8vo. 16/- net. Third Impression. 
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Agriculture and Farming. 



Agriculture and Farming 

Wool Growing and the Tariff. 

A Study in the Economic History of the United States. 
By Chester Whitney Wright, Ph.D. Demy 8vo. 8/6 net. 

Soils and Manures. By J. Alan Murray, B.Sc. 

With Illustrations. Demy 8vo. 6/- net. 

Contents. — Preface. Introductory. The Origin of Soils. Physical 
Properties of Soils. Chemistry of Soils. Biology of Soils. Fertility. 
Principles of Manuring. Phosphatic Manures. Phospho-Nitrogenous 
Manures. Nitrogenous Manures. Potash Manures. Compound 
and Miscellaneous Manures. General Manures. Farmyard Manure. 
Valuation of Manures. Composition and Manurial Value of Various 
Farm Foods. Index. 

Soils: How to Handle and Improve •Them. 
By 5. W. Fletcher. 

Upwards of ioo Illustrations. Demy 8vo~ 8/6 net. 

To Work a Grass Holding at a Living Profit, 
and the Cheap Cottage Problem. 

By H. B. M. Buchanan, B.A. Crown Svo. il-net. 

The First Book of Farming. 

By Charles L. Goodrich. With 8$ Illustrations. Crown 8vo. 4/6 net. 

Farm Management. 

By F. W. Card, Professor of Agriculture. 

66 Full-page Illustrations and numerous useful Tables and Returns. Demy 8vo. 
8/6 net. 

Farm Animals : How to Breed, Feed, Care for and 

Use them. By E. V. Willcox, Ph.D., M.A., U.S.A. 
Department of Agriculture. 

With over 60 full-page Illustrations. Demy 8vo. 8/6 net. 

*+* Write to Messrs. Constable <S» Co., Ltd., 10, Orange Street, 
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Agriculture and Farming— continued. 



Law, Patents, etc. 

Building in London. 

By Horace Cubitt, A.R.I. B.A., etc. 

- A Treatise on the Law and Practice affecting the Erection and Main- 
tenance of Buildings in the Metropolis, with Special Chapters dealing 
respectively with the Cost of Building Work in and around London by 
H. J. Leaning, F.S.I. , and the Valuation and Management of London 
Property by Sydney A. Smith, F.S.I. ; also the Statutes, Bye-laws and 
Regulations applying in London ; cross-references throughout. 
Illustrated, with diagrams. Royal Svo. 31/6 net. 

Industrial Accidents and their Compensation. 

By Q. L. Campbell, B.S. Crown 8vo. 4/- net. 

The Law affecting Engineers. 

By W. Valentine Ball, M.A. (Cantab.), Barrister-at-Law, 
Joint Editor of " Emden's Building Contracts." 

Demy Svo. 10/6 net. 

A concise statement of the powers and duties of an engineer, as 
between employer and contractor, as arbitrator and as expert witness, 
together with an outline of the law relating to engineering contracts, and 
an appendix of forms of contract, with explanatory notes. 

Foreign and Colonial Patent Laws. 

By W. Cranston Pairweather, Chartered Patent Agent. 

Demy 8vo. 10/6 net. 

This is a compendium of Patent practice in every British possession 
and in every foreign country which appears on the map. The informa- 
tion given is in large part obtained from official sources, and is presented 
in a series of articles — one for each State — revised so far as is possible 
by agents practising in the States in question. 

Patents, Designs and Trade Marks : The Law 

and Commercial Usage. 

By Kenneth R. Swan, B.A. (Oxon.), of the Inner Temple, 
Barrister-at-Law. 

Ex. Crown Svo. 6/- net. 
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Miscellaneous. 



The Arbitration Clause in Engineering and 
Building Contracts. 

By E. J. Rimmer (Barrister- at- Law), M.InstX.E., 

etc. 2/- net. 

M iscellaneous 

Spanish-English, English-Spanish Dictionary 
of Railway Terms. 

By Andre Garcia. 12/6 net. 

Forecasting Weather, byw. n. Shaw, f.r.s., sc.a, 

Director of the Meteorological Office, London. 

Illustrated with Maps, Charts and Diagrams. Demy Svo. 10/6 net. 
From the Introduction : " The arrangement which has been followed in 
this work is first to explain and illustrate the construction and use of 
synoptic charts and the method of forecasting by their means. I have 
dealt with special departments of the work of forecasting, such as gales 
and storm- warnings, anti-cyclonic weather, land and sea fogs, night frosts, 
colliery warnings, forecasts for aeronauts. ... A chapter has been devoted 
to statistical methods for long period and seasonal forecasts/' 

Motion Study : 

A Method for Increasing the Effiency of the Workman. 
By p. B. Gilbreth, M.Am.Soc.M.E. 4/6 net. 

Primer of Scientific Management. 

By F. B. Gilbreth, M.Am.Soc.M.E., with an Introduction 
by Louis D. Brandeis. 4 /- net. 

t 

Seasonal Trades. 

By- Arnold Freeman. 7/6 net. 

How to do Business by Letter and Advertising. 

By Sherwin Cody, si- net. 
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Miscellaneous— continued. 



Modern Astronomy. Secoitd EiiHon _ 

Being some Account of the Revolution of the Last 

Quarter of the Century. 
By Prof. H. Ht Turner, F.R.S. illustrated. Cr. 8w. 2/6 net. 

Time and Clocks : 

A Description of Ancient and Modern Methods of 
Measuring Time. By H. H. Cunynghame, M.A., C.B. 

Illustrated. Crown Svo. 2/6 net. 

International Language and Science. 

Considerations on the Introduction of an International 
Language into Science. 

Translated by Prof. F. Q. Donnan. Demy Svo. 2/- net. 

The Seven Follies of Science, by John phin. 

A new and enlarged Edition. With numerous Illustrations. Demy Svo. 5/- net. 

A popular account of the most famous scientific impossibilities, and the 
attempts which have been made to solve them. To which is added a small 
budget of interesting paradoxes, illusions, and marvels. 

Public Ownership of Telephones. 

By A. N. Holcombe. Svo. 8/6 net. 

" We commend this book to the notice of all interested in the stvdy of 
telephone development and administration." — Electricity. 

Good Engineering Literature, by Harwood Frost, 

M.Am.Soc.M.E. Crown too. 4/6 net. 

Essays Biographical and Chemical. 

By Prof essor Sir William Ramsay, K.C.B., LL.D., F.R.S. , 

D.Sc., etc. Demy Svo. 7/6 net. 
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BEDROCK 

A Quarterly Review 
of Scientific Thought. 

2s. 6d. n^t. 



ANNUAL SUBSCRIPTION, 

For the United Kingdom, 11/-; 

For Abroad, 12/- (12 marks 50pf. ; 15f. 25c.) 



(Bbitor'mi (&ommitt£t : 

Sir Bryan Donkin, M.D. (Oxon.), F.R.C.P. (Lond.), late Physician and 
Lecturer on Medicine at Westminster Hospital; etc. 

E. B. Poulton, LL.D., D Sc, F.R.S., Hope Professor of Zoology in the 
University of Oxford. 

G. Archdall Reid, M.B., F.R.S.E. 

H. H. Turner, D.Sc, D.C.L., F.R S., Savilian Professor of Astronomy in 
the University of Oxford. 

3Vrtht0 (Bbitav: H. B. Grylls. 



Some of the Articles that have appeared. 

The Warfare Against Tuberculosis. By Elie Metchnikoff. 
On Psychical Research. By Sir Ray Lankester, K.C.B., 

F.R.S. ; Sir Bryan Donkin, M.D., F.R.C.P. ; Sir Oliver 

Lodge, F.R.S. 

The Stars in their Courses. By H. H. Turner, F.R.S. 

More Daylight Saving. By Professor Hubrecht, F.M.Z.S., 
F.M.L.S. 

Recent Discoveries of Ancient Human Remains and 
their Bearing on the Antiquity of Man. By A. 
Keith, M.D., F.R.C.S. 

Value of a Logic of Method. By Professor J. Welton, M.A. 
Darwin and Bergson on the Interpretation of Evolution. 

By E. B. Poulton, LL.D., D.Sc, F.R.S. 
Pleochroic Haloes. By J. Joly, F.R.S. 
Modern Vitalism. By Hugh S. Elliot. 

Recent Researches in Alcoholism. By G. Archdall 
Reid, M.B. 
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Frozen Meat Trade, History of the, 42 
Fuel, Gas and Water Analysis, etc., 12 
Fuel, Introduction to the Study of, 12 
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(D.-S.), 4 
Machine Tools (D.-S.), 4 
Machine Tools, Modern American, 14 
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Microscopy, Principles of, 35 
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Smoke Prevention, 12 

Soils, 47 
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Static Transformers, The Design of, 29 
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(D.-S.), 4 
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Steam Engine, Modern, 10 
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Thermodynamics, Technical, 33 
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